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ABSTRACT 
T h i s t h e s i s e x a m i n e s t h e c a p a b i l i t y o f t he R isk Rank ing 
T e c h n i q u e as an a i d t o d e c i s i o n m a k i n g . F i r s t t he n a t u r e 
o f t h e R i s k R a n k i n g T e c h n i q u e i s d e s c r i b e d and i t s 
c a p a b i l i t y demons t ra ted by a p p l y i n g i t i n a pos t hoc way to 
t h e Channe l Tunne l d e c i s i o n . Then t o p r o v i d e a b a s i s f o r 
c o m p a r i s o n t h e m e t h o d s b a n k s u s e t o a s s e s s t h e 
a c c e p t a b i l i t y o f f i n a n c i a l r i s k t h e y a re exposed to a re 
examined. Th i s i s f o l l o w e d by e x a m i n a t i o n o f the problems 
o f a s s e s s i n g t e c h n i c a l , econom ic and s o c i o - p o l i t i c a l 
a s p e c t s o f r i s k . Then t h e adequacy o f t he t h e o r e t i c a l 
b a s i s o f t h e R i s k R a n k i n g T e c h n i q u e i s a n a l y s e d . T h i s i s 
f o l l o w e d by e x a m i n a t i o n o f t h e r a n g e o f p o s s i b l e 
a l t e r n a t i v e s t o t h e R i s k R a n k i n g T e c h n i q u e . The e f f i c a c y 
o f t h e s e a l t e r n a t i v e s i s t h e n compared w i t h the R isk 
R a n k i n g T e c h n i q u e by a p p l y i n g t h e m t o t h r e e m a j o r 
d e c i s i o n s . F i n a l l y a c o m p a r i s o n i s made o f t he R isk 
R a n k i n g T e c h n i q u e w i t h t h e methods used by t he banks and 
i n s u r a n c e companies t o assess the a c c e p t a b i l i t y o f r i s k . 
The ma in c o n c l u s i o n s f r o m t h e s t u d y a r e : -
1) Of the t e c h n i q u e s examined the Risk Ranking Technique 
i s t h e o n l y one t h a t i s b a s e d on c o m p r e h e n s i v e 
assessment o f t e c h n i c a l , economic and s o c i o - p o l i t i c a l 
f a c t o r s i n v o l v e d i n a d e c i s i o n . 
2) The R i sk R a n k i n g T e c h n i q u e i s t r a n s p a r e n t t o t he 
p roposer and the l ay p u b l i c . 
3) The re i s a l o g i c a l s t r u c t u r e t o t h e R isk R a n k i n g 
Techni que. 
4 ) W i t h t h e R i s k R a n k i n g T e c h n i q u e and t h e o t h e r 
t e c h n i q u e s c o n s i d e r e d t h e i r e f f i c a c y as a i d s t o 
d e c i s i o n m a k i n g i s enhanced i f t he c r i t e r i a t h e y use 
are t a i l o r e d t o s u i t p a r t i c u l a r f a m i l i e s of d e c i s i o n s . 
5) The c o m p a r i s o n o f t h e R a n k i n g T e c h n i q u e w i t h the 
me thods used by t h e B a n k i n g and I n s u r a n c e i n d u s t r i e s 
shows s o m e t h i n g o f t he range o f c r i t e r i a t h a t may be 
r e q u i r e d f o r p a r t i c u l a r a p p l i c a t i o n s . 
KEY WORDS: RISK RANKING, BANKING, INSURANCE, TECHNICAL, 
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CHAPTER 1 
In t roduct ion 
N o t h i n g i s more d i f f i c u l t , and 
t h e r e f o r e more p r e c i o u s , than to be 
ab le to d e c i d e . 
Napoleon 1 
Maxims (1804-15) 
The a im o f t h e r e s e a r c h d e s c r i b e d i n t h i s t h e s i s was t o 
assess t o w h a t e x t e n t t h e C o m p r e h e n s i v e R isk Rank ing 
Technique c o u l d be used f o r comprehens ive assessment of the 
a c c e p t a b i l i t y o f t h e r i s k s i n h e r e n t i n m a j o r p r o j e c t 
d e c i s i o n s . The T e c h n i q u e was o r i g i n a l l y d e v e l o p e d by 
C h i c k e n t o f i l l a gap i n t h e r e p e r t o i r e o f t e c h n i q u e s 
d e c i s i o n makers used f o r a s s e s s i n g t he a c c e p t a b i l i t y o f 
h a z a r d o u s p r o j e c t s . A t t h a t t i m e t he t e c h n i q u e s i n t he 
r e p e t o i r e were m a i n l y aimed a t assessment o f the t e c h n i c a l 
aspec ts o f r i s k . The Comprehensive Risk Ranking Technique 
p r o v i d e d a way o f i n t e g r a t i n g assessment o f the t e c h n i c a l , 
e c o n o m i c and s o c i o - p o l i t i c a l i s s u e s i n v o l v e d . The 
comprehens ive t e c h n i q u e was found to have the p o t e n t i a l to 
he lp d e c i s i o n makers assess a b roader spect rum of p r o j e c t 
d e c i s i o n m a k i n g s i t u a t i o n s and i t i s t h a t a s p e c t o f t he 
T e c h n i q u e ' s c a p a b i l i t y t h a t i s a t the c e n t r e of the s t udy . 
The s t a r t o f t h e d e v e l o p m e n t by C h i c k e n o f t h e 
C o m p r e h e n s i v e R i sk R a n k i n g T e c h n i q u e was work he d i d i n 
1 9 7 3 / 7 4 on Hazard C o n t r o l P o l i c y i n B r i t a i n , t he work was 
r e p o r t e d i n r e f e r e n c e ( 1 ) . The work was d i s c u s s e d w i t h 
L o r d Ashby and was r e c o g n i s e d i n h i s own work on t he 
a c c e p t a b i l i t y o f r i s k ( 2 ) . I n t h e f o l l o w i n g y e a r s the 
concep t o f Comprehensive Risk Ranking was developed f u r t h e r 
by C h i c k e n and t h e d e v e l o p m e n t s r e p o r t e d i n r e f e r e n c e s 
( 3 ) ( 4 ) ( 5 ) ( 6 ) ( 7 ) ( 8 ) and ( 9 ) . Some o f t h i s d e v e l o p m e n t was 
f u n d e d by t h e C o m m i s s i o n o f t h e European C o m m u n i t i e s and 
t h e r e s u l t s o f t h a t p a r t o f t h e work was p u b l i s h e d as 
r e f e r e n c e (10) i n 1986. In r e f e r e n c e (10) the Comprehensive 
Risk Ranking Technique i s p resen ted i n te rms t h a t cou ld be 
d e s c r i b e d as the embryo f rom which grew the Comprehensive 
Risk Ranking Techn ique d i scussed i n t h i s t h e s i s . The nex t 
deve lopments were m a i n l y concerned w i t h the a c c e p t a b i l i t y 
o f r i s k i n t e r m s o f t h e t e c h n i c a l r i s k t o t h e p u b l i c and 
t h e s e d e v e l o p m e n t s w e r e r e p o r t e d i n R e f e r e n c e 1 1 . 
D e v e l o p m e n t o f t h e T e c h n i q u e c o n t i n u e d w i t h t he a im o f 
m a k i n g i t u s e f u l as an a i d t o a s s e s s i n g t h e a c c e p t a b i l i t y 
o f a w ide range o f p r o j e c t s . The e f f i c a c y of the Technique 
was then t e s t e d on f i v e p r o j e c t s wh ich were : Canvey I s l a n d , 
Moss M o r a n , R i j n m o n d , The Channel Tunne l and Energy 
O p t i o n s . Th is work was r e p o r t e d i n r e f e r e n c e (12) . These 
t e s t s showed t h a t t h e r e was scope f o r i m p r o v i n g t he 
T e c h n i q u e i n t h r e e a r e a s . The a r e a s w e r e : r e f i n i n g the 
s c o r i n g o f a c c e p t a b i l i t y , i n c o r p o r a t i n g a l l owance f o r the 
e x p e r i e n c e and c a p a b i l i t y o f the p roposer and d e t e r m i n i n g 
the e x t e n t t o wh ich the economic a c c e p t a b i l i t y of a p r o j e c t 
s h o u l d be r e l a t e d t o t h e methods f i n a n c i a l i n s t i t u t i o n s 
l i k e banks and i n s u r a n c e companies use. In t h i s t h e s i s the 
p o s s i b i l i t i e s f o r r e f i n i n g the t h r e e areas of the Technique 
are e x p l o r e d . 
The R i s k R a n k i n g T e c h n i q u e was d e s i g n e d t o p r e s e n t t he 
d e c i s i o n maker w i t h a c o m p r e h e n s i v e n o n - d i m e n s i o n a l 
assessment o f the t e c h n i c a l , economic and s o c i o - p o l i t i c a l 
f a c t o r s a s s o c i a t e d w i t h a d e c i s i o n ; i n a way t h a t does not 
c o n f l i c t w i t h the bes t t r a d i t i o n s of s t a t i s t i c a l a n a l y s i s . 
I n some ways the des ign of the t e c h n i q u e was i n f l u e n c e d by 
s y s t e m s t h i n k i n g . The e x t e n t o f t he i n f l u e n c e i s t h a t t he 
R a n k i n g T e c h n i q u e a ims t o u n i f y t he i n f l u e n c e o f v a r i o u s 
f a c t o r s i n t o a c o h e r e n t who le . (13) The Technique has a l so 
been i n f l u e n c e d by L i n d l e y ' s a p p r o a c h t o s c o r i n g , 
u n c e r t a i n t y and b l e n d i n g n u m e r a t e i d e a s w i t h l e s s f o r m a l 
approaches (14) . Encouragement t h a t t h e r e may be need f o r 
y e t ano the r method of assess ing d e c i s i o n o p t i o n s has been 
taken f rom Hogar th ' s v iew t h a t : - many of the e x i s t i n g a ids 
t o d e c i s i o n m a k i n g l a c k t he f l e x i b i l i t y n e c e s s a r y t o 
c a p t u r e t h e essence o f t he p r o b l e m s i n h e r e n t i n m a j o r 
d e c i s i o n s (15) . 
An i m p o r t a n t c o n s i d e r a t i o n i n d e v e l o p i n g the Risk Ranking 
Technique was t o p r o v i d e d e c i s i o n makers w i t h a c o h e r e n t , 
t r a n s p a r e n t and d e f e n s i b l e way o f a r r i v i n g a t d e c i s i o n s , 
wh ich c o u l d be used to j u s t i f y d e c i s i o n s to the lay p u b l i c . 
The s p e c i f i c a t i o n of a cohe ren t and t r a n s p a r e n t assessment 
i m p l i e s t h a t t h e me thod mus t be l o g i c a l and r e l a t i v e l y 
s i m p l e . These p r a c t i c a l r e q u i r e m e n t s mean t h a t use of some 
e l e g a n t s t a t i s t i c a l me thods has had t o be a v o i d e d ; a t t h e 
same t i m e i t i s r e c o g n i s e d t h a t such methods may have a 
r o l e i n t h e p r e p a r a t i o n o f t h e e v i d e n c e on w h i c h Rank ing 
has t o be based. The i m p o r t a n c e a t t a c h e d to be ing able to 
j u s t i f y complex d e c i s i o n s to the l ay p u b l i c i s r e c o g n i t i o n 
o f t h e f a c t t h a t o f t e n e v e r y a s p e c t o f d e c i s i o n mak ing 
r e l a t e d t o m a j o r p r o j e c t s , and t o e x p e n d i t u r e o f p u b l i c 
f u n d s , has t o be d e f e n d e d i n p u b l i c a g a i n s t s e a r c h i n g 
e x a m i n a t i o n by o f f i c i a l o r g a n i z a t i o n s and by t h e m e d i a . 
U n l e s s t h e b a s i s f o r a d e c i s i o n can be e x p l a i n e d and 
d e f e n d e d i n c l e a r t e r m s , e a s i l y u n d e r s t o o d by the g e n e r a l 
p u b l i c , t h e r e i s a d i s t i n c t p o s s i b i l i t y t h a t the arguments 
w i l l be m i s u n d e r s t o o d and p e r h a p s even u n i n t e n t i o n a l l y 
g e n e r a t e o p p o s i t i o n . The need f o r c o m p r e h e n s i v e 
j u s t i f i c a t i o n o f d e c i s i o n s i s i l l u s t r a t e d by: the range of 
t o p i c s e x a m i n e d i n P u b l i c I n q u i r i e s l i k e t he S i z e w e l l 'B ' 
P u b l i c I n q u i r y , ( 1 6 ) t h e way i n w h i c h i n t e r n a t i o n a l 
companies l i k e Ford and Nissan dec ide where to b u i l d t h e i r 
p l a n t s , and t h e way i n t e r n a t i o n a l f i n a n c i a l i n s t i t u t i o n s 
l i k e Banks assess the c r e d i t w o r t h i n e s s of c o u n t r i e s . Such 
d e c i s i o n s have t o t a k e a c c o u n t o f a c o m b i n a t i o n o f 
many f a c t o r s , b u t n o t a l w a y s t h e same c o m b i n a t i o n o f 
f a c t o r s . The s p e c i f i c c o m b i n a t i o n s o f f a c t o r s and the 
c r i t e r i a used f o r a s s e s s i n g a c c e p t a b i l i t y a re o f t e n n o t 
c l e a r l y s t a t e d i n advance, nor i s any i n d i c a t i o n g iven of 
t h e w e i g h t a t t r i b u t e d t o each f a c t o r i n a r r i v i n g a t an 
o v e r a l l v iew about a c c e p t a b i l i t y . The Ranking Technique i s 
seen as one way o f overcoming t h i s prob lem by p r o v i d i n g a 
c o n s i s t e n t way o f a s s e s s i n g each f a c t o r and p r o v i d i n g a 
p r e d i c t a b l e way of w e i g h t i n g and comb in ing each f a c t o r to 
g i v e a c o n s i s t e n t o v e r a l l assessment . 
I n b u i l d i n g up t h i s t h e s i s use has been made o f t he e a r l i e r 
work p u b l i s h e d by C h i c k e n , p a r t i c u l a r l y r e f e r e n c e ( 1 2 ) . 
The new m a t e r i a l i n t r o d u c e d w i t h t h e a im o f r e f i n i n g the 
R i s k R a n k i n g T e c h n i q u e f a l l s m a i n l y i n s i x a r e a s , w h i c h 
a r e : - f i n a n c i a l i n s t i t u t i o n s ' methods o f a s s e s s i n g the 
a c c e p t a b i l i t y o f r i s k , r e f i n i n g t he s c o r i n g t e c h n i q u e , 
m o d i f i c a t i o n o f t h e way t e c h n i c a l f a c t o r s a re a s s e s s e d , 
m o d i f i c a t i o n o f t h e way e c o n o m i c f a c t o r s a re a s s e s s e d , 
d i s c u s s i o n o f t h e o r e t i c a l c o n s i d e r a t i o n s and the d i s c u s s i o n 
o f p o s s i b l e a l t e r n a t i v e s . The a s s e s s m e n t o f s o c i o -
p o l i t i c a l f a c t o r s r e m a i n s e s s e n t i a l l y unchanged f r o m 
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e a r l i e r work ( 1 2 ) . The t h e s i s a l s o makes use o f t he 
a s s e s s m e n t o f t h e Channe l Tunne l w h i c h C h i c k e n made f o r 
c l i e n t s o f h i s c o n s u l t a n c y and w h i c h was r e p o r t e d i n 
r e f e r e n c e 12. 
So t h a t t h e a r g u m e n t t h a t f o l l o w s can be more e a s i l y 
u n d e r s t o o d t h e n a t u r e o f t he R isk R a n k i n g T e c h n i q u e i s 
f i r s t e x p l a i n e d . E s s e n t i a l l y the Technique c o n s i s t s of an 
a s s e s s m e n t o f t h e s i g n i f i c a n c e o f a l l t h e f a c t o r s 
a s s o c i a t e d w i t h the a c c e p t a b i l i t y o f the r i s k s i n h e r e n t in 
each o p t i o n t h a t has t o be c o n s i d e r e d . In t h i s t h e s i s the 
t e r m r i s k i s used t o d e n o t e t he measure o f u n c e r t a i n t y 
a b o u t a c c e p t a b i l i t y a s s o c i a t e d w i t h any e s t i m a t e o f t he 
s i g n i f i c a n c e o f a f a c t o r . For a s s e s s m e n t p u r p o s e s the 
f a c t o r s a re c o n s i d e r e d unde r t h r e e b r o a d h e a d i n g s , w h i c h 
a r e : - t e c h n i c a l , e c o n o m i c and s o c i o - p o l i t i c a l . These 
t h r e e groups of f a c t o r s are i n t e n d e d to cover every aspect 
o f a c c e p t a b i l i t y and t a k e n t o g e t h e r t h e y p r o v i d e a 
r e a l i s t i c b a s i s f o r Ranking the o v e r a l l a c c e p t a b i l i t y of a 
p r o p o s a l . One p o s s i b l e c o m p o s i t i o n of the f a c t o r s i s shown 
i n Tab le 1 . To r a t e the a c c e p t a b i l i t y o f each group of 
f a c t o r s t h e y a r e s c o r e d on a n u m e r i c a l s c a l e a g a i n s t 
s p e c i f i c c r i t e r i a . The h i g h e r t h e s c o r e t h e l o w e r t he 
f a c t o r ' s a c c e p t a b i l i t y . The o v e r a l l R a n k i n g o f t h e 
a c c e p t a b i l i t y o f a p r o j e c t be ing c a l c u l a t e d by i n t e g r a t i n g 
the scores of the i n d i v i d u a l f a c t o r s . The i n t e g r a t e d score 
d e t e r m i n i n g w h i c h o f f o u r Ranks o f a c c e p t a b i l i t y t he 
p roposa l as a whole be longs t o . How the o v e r a l l r i s k Ranks 
are d e f i n e d and the Ranks r e l a t e d t o the Ranking scores of 
t h e i n d i v i d u a l f a c t o r s i s shown i n T a b l e 2. The s c o r i n g 
scheme b e i n g a r r a n g e d so t h a t t he h i g h e s t s c o r e , t h a t i s 
t he l e a s t d e s i r a b l e s c o r e , o f any f a c t o r w i l l dominate the 
o v e r a l l R a n k i n g o f a c c e p t a b i l i t y . T h i s i s an i m p o r t a n t 
change f r o m t h e l i n e a r s c o r i n g scheme used i n e a r l i e r 
v e r s i o n s o f t h e R a n k i n g T e c h n i q u e such as t he scheme 
d e s c r i b e d i n r e f e r e n c e ( 1 2 ) . 
Ranks 2 and 3 a r e b o t h R a n k i n g s o f p r o p o s a l s t h a t can be 
made u n i v e r s a l l y a c c e p t a b l e by m o d i f y i n g the p r o p o s a l . The 
changes r e q u i r e d t o make a Rank 2 p roposa l accep tab le be ing 
much more e x t e n s i v e than r e q u i r e d to make a Rank 3 proposa l 
a c c e p t a b l e . 
To some e x t e n t the success of the Ranking Technique depends 
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P l a n t would not 
pe r f o rm as 
r e q u i r e d . 
Less than 
o p t i mum 
b e n e f i t f rom 
f i n a n c i a l 
commi tmen t . 
Not 
p o l i t i c a l l y 
a c c e p t a b l e . 
P l a n t pe r fo rmance . 
P l a n t r e l i a b i l i t y . 
Harm to the p u b l i c . 
Supply and demand. 
Magni tude of 
p o s s i b l e f i n a n c i a l 
l o s s . 
P a y o f f . 
Index o f harm/ 
b e n e f i t . 
C o s t / b e n e f i t 
a n a l y s i s . 
Through l i f e c o s t . 
P u b l i c a c c e p t a b i l i t y 
R e s u l t s o f P u b l i c 
I n q u i r i e s . 
P o l i t i c a l c l i m a t e . 
Views on c u r r e n t 
q u a l i t y of l i f e . 
on h a v i n g a v a i l a b l e a r e l e v a n t r e l i a b l e a n a l y s i s o f each 
f a c t o r . I d e a l l y the a n a l y s i s shou ld be q u a n t i t a t i v e w i t h 
t h e d e g r e e o f u n c e r t a i n t y c l e a r l y d e f i n e d . Bu t t h e 
T e c h n i q u e i s a l s o u s e f u l when , as i s o f t e n t h e case i n 
d e c i s i o n m a k i n g , t h e r e i s l i t t l e or no r e l i a b l e da ta 
a v a i l a b l e as i n such cases the Technique p r o v i d e s a l o g i c a l 
s t r u c t u r e to the assessment . 
A p p l i c a t i o n o f t h e R a n k i n g T e c h n i q u e r e q u i r e s s i x b a s i c 
s t e p s . The s teps a r e : - 1) De f i ne d e c i s i o n . 2) S p e c i f y the 
c r i t e r i a t h a t have t o be used to judge the a c c e p t a b i l i t y o f 
the pa rame te rs a s s o c i a t e d w i t h each f a c t o r . 3) I d e n t i f y the 
o p t i o n s a v a i l a b l e . 4) I d e n t i f y t h e d a t a a v a i l a b l e abou t 
each f a c t o r a s s o c i a t e d w i t h each o p t i o n . 5) Wi th the data 
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TABLE 2 C o n s t r u c t i o n of Risk Ranks 
RISK 
RANK 
ACCEPTABILITY POSSIBLE ACTION 








1 U n l i k e l y U n l i k e l y any 
p o s s i b l e 
14 16-42 
2 Only i f r i s k 
can be 
reduced 
Grea te r i n v e s t -
ment or 
o rgan i z a t i onal 
and major t e c h -
n i c a l changes 
5 7-15 
3 S u b j e c t to 
c e r t a i n 
a c t i o n 
o r g a n i z a t i o n a l 
changes or minor 
t e c h n i c a l 
changes 
2 4-6 
4 Wi t h o u t 
r e s t r i c t i on 
None r e q u i r e d 1 3 
a v a i l a b l e assess the Ranking j u s t i f i e d f o r each o p t i o n . 6) 
Using the Rankings o b t a i n e d d e t e r m i n e which d e c i s i o n o p t i o n 
i s t h e mos t c o m p r e h e n s i v e l y a c c e p t a b l e . In r e a l i t y each 
s tep i n v o l v e s a c o n s i d e r a b l e amount o f a n a l y s i s , but be fo re 
d e l v i n g i n t o t h e d e t a i l o f t h e t e c h n i q u e a s i m p l e 
i l l u s t r a t i o n o f the a p p l i c a t i o n of the t echn ique i s g i v e n . 
To i l l u s t r a t e t h e a p p l i c a t i o n o f t he R a n k i n g T e c h n i q u e an 
a s s e s s m e n t i s p r e s e n t e d o f t h e d e c i s i o n t o b u i l d t he 
C h a n n e l T u n n e l , t h e a s s e s s m e n t i s d e r i v e d f r o m t h a t 
p r e s e n t e d by C h i c k e n and Hayns i n r e f e r e n c e 12 . The 
a s s e s s m e n t was based m a i n l y on t he i n f o r m a t i o n i n t he 
o f f i c i a l case p resen ted to P a r l i a m e n t (17) . I t was on the 
b a s i s o f t h e o f f i c i a l case t h a t t he g o v e r n m e n t d e c i d e d t o 
a p p r o v e t h e c o n s t r u c t i o n o f t h e Channel T u n n e l . I t i s 
s t r e s s e d t h a t t h e c r i t e r i a used t o j u d g e a c c e p t a b i l i t y i n 
t h i s case r e p r e s e n t i n i t i a l t h i n k i n g on c r i t e r i a and i n the 
l a t e r c h a p t e r s t h e p r o b l e m s o f s p e c i f y i n g c r i t e r i a a re 
c r i t i c a l l y assessed. 
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I n a r r i v i n g a t the d e c i s i o n to b u i l d a Channel Tunnel the 
government had f i v e o p t i o n s to c o n s i d e r . The o p t i o n s were 
known a s : - E u r o b r i d g e , E u r o r o u t e , Channel Tunne l , Channel 
Express and No F i x e d L i n k . The e s s e n t i a l f e a t u r e s of each 
o p t i o n are summar ized i n Table 3. As w i t h any a p p l i c a t i o n 
o f the Ranking Technique c r i t e r i a had t o be p o s t u l a t e d f o r 
a s s e s s i n g t h e R a n k i n g o f t he a c c e p t a b i l i t y o f t he r i s k 
a s s o c i a t e d w i t h the t e c h n i c a l , economic and s o c i o - p o l i t i c a l 
f a c t o r s o f each o p t i o n . S i m p l e s u b j e c t i v e q u a l i t a t i v e 
c r i t e r i a were a d o p t e d , t h e s e c r i t e r i a a re s u m m a r i z e d i n 
T a b l e 4 . I t i s s t r e s s e d t h a t t h e c r i t e r i a a r e f o r 
d e m o n s t r a t i o n o n l y . I n a r e a l case more q u a n t i t a t i v e 
c r i t e r i a may be used, wh ich would r e q u i r e the u n c e r t a i n t i e s 
a s s o c i a t e d w i t h e s t i m a t e s o f pa ramete rs to be i d e n t i f i e d . 
I n l a t e r c h a p t e r s t h e q u e s t i o n o f how u n c e r t a i n t y i n t he 
data can be a l l o w e d f o r i s d i s c u s s e d , p a r t i c u l a r a t t e n t i o n 
b e i n g g i v e n t o n o v e l p r o j e c t s f o r w h i c h t h e r e i s no 
r e l e v e n t q u a n t i f i e d data base. 
One r e a s o n f o r u s i n g s i m p l i f i e d c r i t e r i a was t h a t i n the 
e v i d e n c e , p r e s e n t e d to P a r l i a m e n t , no a t t e m p t was made to 
q u a n t i f y t h e p r o b a b i l i t y a s s o c i a t e d w i t h t he v a r i o u s 
p r e d i c t i o n s . The e v i d e n c e used d i d n o t draw a t t e n t i o n t o 
such f a c t s a s : t h e r e a l e x p e r i e n c e w i t h t he m a t e r i a l 
p r o p o s e d f o r t h e s u s p e n s i o n - b r i d g e c a b l e s was o n l y a b o u t 
one s e v e n t h o f t he l i f e p r o p o s e d f o r t he m a t e r i a l and no 
j u s t i f i c a t i o n was g i v e n f o r t h e a c c e p t a b i l i t y o f t h e 
e x p l o s i o n r i s k i n long t u n n e l s . Nor f o r every o p t i o n was 
t h e r e d i s c u s s i o n of the p o s s i b l e v a r i a t i o n i n c o n s t r u c t i o n 
c o s t s . I n t h i s c o n t e x t i t i s i m p o r t a n t t o remember the 
v a r i a t i o n i n n o v e l c o n s t r u c t i o n j o b s can be c o n s i d e r a b l e . 
For e x a m p l e , q u i t e u n r e l a t e d p r o j e c t s l i k e t he Sydney 
Opera House and Concorde e s c a l a t e d t o a b o u t t e n t i m e s the 
o r i g i n a l e s t i m a t e . (18) The Thames b a r r i e r was o r i g i n a l l y 
e s t i m a t e d t o c o s t £23 m i l l i o n and a c t u a l l y c o s t £461 
m i l l i o n . (19) 
The R a n k i n g s c o r e s c o n s i d e r e d t o be j u s t i f i e d f o r each 
f a c t o r o f each o f t he o p t i o n s a re shown i n T a b l e 5. The 
o v e r a l l Ranking j u s t i f i e d by i n t e g r a t i n g the scores o f each 
o p t i o n a re shown i n T a b l e 6. The c o n c l u s i o n t h a t t he 
R a n k i n g e x e r c i s e a p p e a r s t o e n d o r s e , on t h e b a s i s o f t he 
e v i d e n c e i n r e f e r e n c e 17 , i s t h a t o v e r a l l t he Channel 
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TABLE 3 Summary of the E s s e n t i a l f ea tu res of 
Channel C r o s s i n g P r o p o s a l s * 
PROPOSAL ESSENTIAL 




( L a i n g , 
Brown & 
Root 
and I C I ) 
EUROROUTE 
(17) 
( T r a f a l g a r 
House, 
B r i t i sh 





(5 UK and 3 
French 
c o n s t r u c t i o n 
compani es 
and banks) 
Suspension b r i d g e of 
seven 5km spans p lus 
6m d iame te r r a i l t unne l 
T r a f f i c lanes enc losed 
i n a S u p e r f e r r o l o t u b e . 
The suspens ion cab les 
1.4m d i ameter P a r a f i 1 . 
For road t r a n s p o r t two 
b r i d g e s f rom each coas t 
t o a r t i f i c i a l i s l a n d s . 
I s l a n d s l i n k e d by 
t u n n e l on the sea bed. 
A lso a r a i l t unne l on 
sea bed coas t to c o a s t . 
A 3 - t u n n e l sys tem, two 
r a i l w a y and one s e r v i c e 
t u n n e l s . Te rm ina l s f o r 
l o a d i n g and u n l o a d i n g 
road v e h i c l e s on and 
o f f t r a i n s . 
Suspension tower 
to w i t h s t a n d 
i m p a c t o f a 250,000 
t o n s h i p . 
O s c i l l a t i o n of 
spans. V e n t i l a t i o n 
o f t r a f f i c t u b e . 
Exp los ions on the 
b r i d g e . D r i v e r 
f a t i g u e . L i f e o f 
components. 
V e n t i l a t i o n of the 
t u n n e l s . Ear th 
movement. Res is tance 
of the 34 p r o t e c t i v e 
ca i sons to damage by 
s h i p p i n g . Exp los ions 
i n the t u n n e l . 
L i f e o f components. 
V e n t i l a t i o n . 
Ea r th movements. 
L i f e o f components. 
Exp los ions i n the 




( B r i t i sh 
F e r r i e s 
A t w i n t unne l sys tem, 
each t unne l t a k i n g 
bo th road and r a i l 
t r a f f i c . Would be 
the l a r g e s t d r i v e 
t h r o u g h t unne l i n 
the w o r l d . 
V e n t i 1 a t i on . 
Ea r th movement. 
L i f e o f components 




R e v i s i o n o f Fe r r y 
R e g u l a t o r y r e q u i r e m e n t s 
Redevelopment of 
p o r t s and c o n g e s t i o n 
i n p o r t s and sea 
l a n e s . 
*Deve loped f rom Table 23 r e f . 12 
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TABLE 4 Ranking C r i t e r i a Assumed for I l l u s t r a t i o n 
FACTOR RANKING SCORE CRITERIA 
TECHNICAL 1 No t e c h n i c a l problem 
2 Minor changes r e q u i r e d to 
overcome t e c h n i c a l problems 
5 Major changes r e q u i r e d to 
overcome t e c h n i c a l problems 
14 Techn i ca l problems u n l i k e l y 
to be s o l v e d . 
ECONOMIC 1 C a p i t a l r e q u i r e d e a s i l y 
r a i s e d . Return on i nves tmen t 
above average . 
2 C a p i t a l can be r a i s e d . 
Return on i nves tmen t a t 
l e a s t average . 
5 C a p i t a l can on ly be r a i s e d 
w i t h d i f f i c u l t y . Return 
lower than average. 
14 Nega t i ve r e t u r n on i n v e s t m e n t . 
U n l i k e l y c a p i t a l can be r a i s e d 
SOCIO- 1 Accep tab le by the p u b l i c 
POLITICAL 2 Minor o b j e c t i o n s by the 
p u b l i c 
5 To s a t i s f y o b j e c t i o n s by the 
p u b l i c major changes have to 
be made 
14 Unacceptab le to the p u b l i c 
Tunnel i s the most a c c e p t a b l e o p t i o n and the No F ixed L ink 
Op t ion the l e a s t a c c e p t a b l e . In o t h e r words , on the bas is 
o f ev idence used , the d e c i s i o n t o b u i l d the Channel Tunnel 
was j u s t i f i e d . I n 1989 i t a p p e a r e d the Channel Tunne l 
wou ld c o s t 40% more than the o r i g i n a l e s t i m a t e , so perhaps 
the f a v o u r a b l e v iew taken of the con t i ngency a l l owance in 
the o r i g i n a l f i g u r e s was no t w a r r a n t e d (20) . 
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TABLE J u s t i f i c a t i o n of the Channe l C r o s s i n g 
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R a n k i n g has been used i n v a r i o u s ways i n c l u d i n g d e s c r i b i n g 
t h e a c c e p t a b l i t y o f p o t e n t i a l l y h a z a r d o u s p l a n t a n d 
e q u i p m e n t , b u t s u c h u s e s h a v e t e n d e d t o be l i m i t e d t o 
m a k i n g a s s e s s m e n t s s i m p l y on a t e c h n i c a l b a s i s . A l t h o u g h 
t h e C o m m i s s i o n o f t h e E u r o p e a n C o m m u n i t y has e n c o u r a g e d t h e 
d e v e l o p m e n t o f c o m p r e h e n s i v e a s s e s s m e n t o f t h e 
a c c e p t a b i l i t y o f p r o p o s a l s i n v o l v i n g p o t e n t i a l l y m a j o r 
h a z a r d s s u c h m e t h o d s h a v e n o t y e t b e e n a d o p t e d as a 
m a n d a t o r y p a r t o f t h e r e g u l a t o r y p r o c e d u r e . H o w e v e r , a t a 
CEC s e m i n a r i n N i c e i n S e p t e m b e r 1 9 8 8 ( 2 2 ) t h e 
r e p r e s e n t a t i v e o f t h e N e t h e r l a n d s M i n i s t r y o f H o u s i n g 
P h y s i c a l P l a n n i n g and E n v i r o n m e n t announced t h a t t h e Du tch 
g o v e r n m e n t was c o n s i d e r i n g a d o p t i n g , as p a r t o f i t s 
r e g u l a t o r y p r o c e d u r e , a c o m p r e h e n s i v e f o r m o f R a n k i n g t h e 
a c c e p t a b i l i t y o f r i s k s t h a t t a k e s i n t o a c c o u n t t e c h n i c a l , 
e c o n o m i c and s o c i o - p o l i t i c a l f a c t o r s . The a p p r o a c h i s 
s i m i l a r i n c o n c e p t t o t h e p r o c e d u r e j u s t d e s c r i b e d , b u t 
d e t a i l s o f t h e p r o c e d u r e have n o t y e t been made p u b l i c . 
As t h e a i m o f t h i s t h e s i s i s t o c r i t i c a l l y e x a m i n e how t h e 
R i s k R a n k i n g T e c h n i q u e c a n be r e f i n e d t o i n c r e a s e i t s 
p o t e n t i a l as an a i d t o d e c i s i o n m a k i n g f o r m a j o r p r o j e c t s , 
t h e p o t e n t i a l o f t h e T e c h n i q u e was c o m p a r e d w i t h t h e 
t e c h n i q u e s used by b a n k s . T h i s c o m p a r i s o n was c o n s i d e r d t o 
be i m p o r t a n t as b a n k s a r e a t t h e h e a r t o f many b u s i n e s s 
d e c i s i o n s . R e c e n t l y b a n k s h a v e b e e n u n d e r p r e s s u r e t o 
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i m p r o v e t h e way t h e y a s s e s s c r e d i t w o r t h i n e s s o f a p p l i c a n t s 
f o r l o a n s . T h i s i s p a r t l y a c o n s e q u e n c e o f t h e d r a m a t i c 
i n c r e a s e , s i n c e 1 9 7 9 , o f t h e a m o u n t o f i n t e r n a t i o n a l d e b t 
r e s c h e d u l i n g . I t has b e e n s u g g e s t e d , by C h a n n o n , t h a t t h e 
p r i m a r y c a u s e o f t h e n e e d t o r e s c h e d u l e d e b t i n t e r e s t 
p a y m e n t s a n d d e b t r e p a y m e n t was t h e d i s t u r b a n c e t o t h e 
b a l a n c e o f w o r l d c a p i t a l f l o w s c a u s e d by c h a n g e s i n t h e 
p r i c e o f o i l i n 1 9 7 4 . ( 2 3 ) 
I n t h e e x a m i n a t i o n o f t h e r i s k a s s e s s m e n t m e t h o d s used by 
f i n a n c i a l i n s t i t u t i o n s p a r t i c u l a r a t t e n t i o n i s g i v e n t o t h e 
p r o c e d u r e s t h e S w i s s Bank C o r p o r a t i o n d e v e l o p e d f o r 
a s s e s s i n g t h e c r e d i t w o r t h i n e s s o f v a r i o u s c o u n t r i e s . The 
p r o c e s s t h e y u s e was i n t r o d u c e d i n t h e e a r l y 1 9 8 0 ' s and 
h a s , o v e r t h e y e a r s , b e e n r e f i n e d t o t a k e a c c o u n t o f 
e x p e r i e n c e . T h e t e c h n i q u e t h e y u s e i n c o r p o r a t e s an 
a s s e s s m e n t o f t h e c o u n t r y ' s d o m e s t i c e c o n o m y , e x t e r n a l 
e c o n o m y , d e b t , t h e p o l i t i c a l r i s k i n v o l v e d and t h e p e r 
c a p i t a g r o w t h i n t h e g r o s s d o m e s t i c p r o d u c t . The c r i t e r i a 
t h a t t h e S w i s s B a n k C o r p o r a t i o n u s e f o r j u d g i n g 
a c c e p t a b i l i t y have some s i m i l a r i t i e s w i t h t h e c r i t e r i a f o r 
R a n k i n g o f t h e Channe l C r o s s i n g o p t i o n s d e s c r i b e d above . 
I n t h e f o l l o w i n g f i r s t an a s s e s s m e n t i s made o f t h e 
t e c h n i q u e s f i n a n c i a l i n s t i t u t i o n s use i n e v a l u a t i n g t h e 
r i s k s t h e y c o n s i d e r a c c e p t i n g . Then an a s s e s s m e n t i s made 
o f t h e p r o b l e m s o f e v a l u a t i n g t h e v a r i o u s f a c t o r s t h a t have 
t o be c o n s i d e r e d i n a s s e s s i n g t h e a c c e p t a b i l i t y o f u s i n g 
t h e R i s k R a n k i n g T e c h n i q u e , t h i s i n c l u d e s a s s e s s m e n t o f t h e 
t h e o r e t i c a l c o n s i d e r a t i o n s and t h e p o s s i b l e a l t e r n a t i v e s . 
T h e n a v i e w i s p o s t u l a t e d a b o u t w h a t i s c o n s i d e r e d t o be 
t h e o p t i m u m way o f a s s e s s i n g d e c i s i o n o p t i o n s . F i n a l l y a 
number o f c o n c l u s i o n s a r e d r a w n a b o u t t h e g e n e r a l e f f i c a c y 
o f t h e r e f i n e d f o r m o f t h e R i s k R a n k i n g T e c h n i q u e . The 
a n a l y s i s i s b u i l t up i n t e n s t e p s . The s t e p s a r e : -
1 ) D e s c r i b e t h e a p p r o a c h o f f i n a n c i a l i n s t i t u t i o n s t o 
t h e a s s e s s m e n t o f r i s k s . 
2 ) A s s e s s t h e t h e o r e t i c a l c o n s i d e r a t i o n s u n d e r l y i n g t h e 
R a n k i n g T e c h n i q u e . 
3 ) E v a l u a t e t h e p r o b l e m s o f a s s e s s i n g t h e t e c h n i c a l 
a s p e c t s o f r i s k . 
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4 ) E v a l u a t e t h e p r o b l e m s o f a s s e s s i n g t h e e c o n o m i c 
a s p e c t s o f r i s k . 
5 ) E v a l u a t e t h e p r o b l e m s o f a s s e s s i n g t h e s o c i o - p o l i t i c a l 
a s p e c t s o f r i s k . ( T h i s i s v i r t u a l l y t h e same as g i v e n 
i n r e f . 1 2 ) 
6 ) R e v i e w p o s s i b l e a l t e r n a t i v e s t o t h e R a n k i n g T e c h n i q u e 
a n d t h e f i n a n c i a l i n s t i t u t i o n s ' a p p r o a c h t o a s s e s s i n g 
r i s k . 
7 ) C o m p a r i s o n o f e f f i c a c y o f a l t e r n a t i v e s . 
8 ) Compare t h e e f f i c a c y o f t h e C o m p r e h e n s i v e R i s k R a n k i n g 
T e c h n i q u e w i t h t h e m e t h o d s u s e d by f i n a n c i a l 
i n s t i t u t i o n s . 
9 ) P o s t u l a t i o n o f t h e o p t i m u m m e t h o d o f a s s e s s i n g d e c i s i o n 
o p t i o n s . 
1 0 ) From t h e a n a l y s i s , a number o f g e n e r a l c o n c l u s i o n s a re 
d r a w n a b o u t t h e p o t e n t i a l c a p a b i l i t y o f t h e r e f i n e d 
v e r s i o n o f t h e R i s k R a n k i n g T e c h n i q u e as an a i d t o 
d e c i s i o n m a k e r s d e a l i n g w i t h a b r o a d s p e c t r u m o f 
p r o j e c t d e c i s i o n s . 
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CHAPTER 2 
Approach o f F i n a n c i a l I n s t i t u t i o n s to R i s k A s s e s s m e n t 
I n t h i s c h a p t e r t h e ways f i n a n c i a l i n s t i t u t i o n s a s s e s s t h e 
r i s k s , a s s o c i a t e d w i t h t h e i r l e n d i n g p r o c e d u r e s , t h e y a r e 
e x p o s e d t o a r e e x a m i n e d t o d e t e r m i n e w h a t f e a t u r e s t h e i r 
p r a c t i c e s h a v e i n common w i t h o t h e r a i d s t o d e c i s i o n 
m a k i n g . B a n k s ' v i e w s on r i s k m a n a g e m e n t w e r e p u t i n t o 
p e r s p e c t i v e by A l o y s S c h w i e t e r t , V i c e P r e s i d e n t and C h i e f 
E c o n o m i s t o f t h e S w i s s Bank C o r p o r a t i o n , when he i n t r o d u c e d 
a p a p e r on t h e S w i s s Bank C o r p o r a t i o n ' s a p p r o a c h t o C o u n t r y 
R i s k A s s e s s m e n t . He t h e n d e s c r i b e d t h e r o l e o f a b a n k e r i n 
t h e f o l l o w i n g t e r m s : - ( 2 4 ) 
" T h e b a n k e r ' s j o b i s t o manage r i s k r a t h e r t h a n 
m e r e l y a v o i d i t . The r e c e n t s t o c k m a r k e t c r a s h 
r e m i n d e d t h e w o r l d a t l a r g e t h a t r i s k management 
i s i n c r e a s i n g l y i m p o r t a n t i n t h e a r e a o f i n t e r -
n a t i o n a l f i n a n c e . One m a j o r a s p e c t o f r i s k 
managemen t i s t h e a s s e s s m e n t o f t h e r i s k : B e f o r e 
y o u c a n t r y t o m a n a g e y o u r r i s k s - b y 
d i v e r s i f y i n g , h e d g i n g o r a t l e a s t b r a c i n g 
y o u r s e l f f o r w h a t l i e s a h e a d - y o u h a v e t o 
i d e n t i f y t hem and p u t t hem i n p e r s p e c t i v e . T h i s 
i s t r u e w h e t h e r w e ' r e t a l k i n g a b o u t c o n v e n t i o n a l 
c r e d i t r i s k s o r t h e ' c o u n t r y ' a t t a c h e d t o l o a n s 
t o f o r e i g n b o r r o w e r s . 
N o t a l l b a n k s a r e e q u a l l y w i l l i n g t o t a k e on r i s k 
e x p o s u r e . T h e r e i s a b r o a d s p e c t r u m o f l e n d i n g 
p o l i c i e s r a n g i n g f r o m e x t r e m e l y c a u t i o u s t o 
h i g h l y a g g r e s s i v e . Each bank f o l l o w s i t s own 
c o u r s e and d e v e l o p s i t s own p a r a m e t e r s f o r t h e 
r i s k / r e w a r d t a r g e t s g o v e r n i n g i t s o p e r a t i o n s . 
A t t h e s a m e t i m e , t h e b a n k s d r a w on a l o n g 
t r a d i t i o n o f s h a r e d e x p e r i e n c e and p r o f e s s i o n a l 
p r o c e d u r e s i n d e v e l o p i n g t h e i n f o r m a t i o n b a s e 
f r o m w h i c h r i s k a s s e s s m e n t s c a n be d e r i v e d . 
C o u n t r y r i s k a s s e s s m e n t i s a case i n p o i n t . " 
S c h w i e t e r t a l s o m e n t i o n e d t h a t t h e C o u n t r y R i s k A s s e s s m e n t 
p r o c e d u r e h i s Bank u s e d had p r o v e d t o be a u s e f u l a i d t o 
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m o n i t o r i n g t h e e c o n o m i c s t a b i l i t y o f d e v e l o p i n g n a t i o n s and 
i n d u s t r i a l i s e d c o u n t r i e s . He a l s o r e c o g n i z e d t h a t t h e 
g e n e r a l s u b j e c t o f C o u n t r y R i s k A s s e s s m e n t i s s t i l l 
e v o l v i n g as a d i s c i p l i n e . T h i s l e a v e s open t h e q u e s t i o n o f 
how t h e p r o b l e m i s d e a l t w i t h by o t h e r c o r p o r a t i o n s o r 
g o v e r n m e n t a g e n c i e s . 
Banks l i k e o t h e r f i n a n c a l i n s t i t u t i o n s a r e s u b j e c t t o b o t h 
i n t e r n a l and e x t e r n a l c o n t r o l o v e r t h e amoun t o f r i s k t h e y 
c a n a c c e p t . The e x t e r n a l c o n t r o l s a r e t h o s e i m p o s e d by 
g o v e r n m e n t r e g u l a t o r y a u t h o r i t i e s and i n t h e c a s e o f 
c o u n t r i e s i n t h e E u r o p e a n E c o n o m i c C o m m u n i t i e s i m p o s e d by 
d i r e c t i v e s o f t h e C o u n c i l o f t h e E u r o p e a n C o m m u n i t i e s . I n 
t h e c a s e o f B r i t a i n t h e Bank o f E n g l a n d i s t h e r e g u l a t o r y 
a u t h o r i t y a n d t h e b o d y t h a t a d v i s e s B r i t i s h b a n k s on t h e 
way E u r o p e a n E c o n o m i c C o m m u n i t i e s d i r e c t i v e s m u s t be 
i m p l e m e n t e d . The t w o d i r e c t i v e s t h a t a r e p a r t i c u l a r l y 
r e l e v a n t t o t h e a m o u n t o f r i s k a f i n a n c i a l i n s t i t u t i o n can 
a c c e p t i n g e n e r a l a r e t h e d i r e c t i v e s o n : C r e d i t 
I n s t i t u t i o n s ' own F u n d s ( 2 5 ) and a S o l v e n c y R a t i o f o r 
C r e d i t I n s t i t u t i o n s . ( 2 6 ) These d i r e c t i v e s w e r e i m p l e m e n t e d 
by t h e Bank o f E n g l a n d i n t w o n o t i c e s t h e y i s s u e d t o 
I n s t i t u t i o n s a u t h o r i s e d u n d e r t h e B a n k i n g A c t 1 9 8 7 . One 
n o t i c e d e a l t w i t h i m p l e m e n t a t i o n i n t h e U n i t e d K ingdom o f 
t h e D i r e c t i v e on c r e d i t i n s t i t u t i o n s own f u n d s (27 ) and t h e 
o t h e r d e a l t w i t h i m p l e m e n t a t i o n i n t h e U n i t e d K i n g d o m o f 
t h e s o l v e n c y r a t i o d i r e c t i v e . ( 2 8 ) 
The i m p o r t a n c e o f t h e s e d i r e c t i v e s and t h e way t h e y have 
been i m p l e m e n t e d i s t h e i r i m p l i c a t i o n f o r r i s k a c c e p t a n c e . 
A l t h o u g h t h e d i r e c t i v e u s e s t h e t e r m " s o l v e n c y r a t i o " t h e 
Bank o f E n g l a n d i n t h e i r n o t i c e s p r e f e r t o use t h e t e r m 
" r i s k a s s e t r a t i o " , w h i c h m a k e s t h e c o n c e r n a b o u t r i s k 
c l e a r e r . The r i s k a s s e t r a t i o i s t h e r a t i o o f a b a n k ' s 
c a p i t a l t o t h e r i s k - a d j u s t e d v a l u e s o f a s s e t s and o f f -
b a l a n c e s h e e t i t e m s . B o t h t h e d i r e c t i v e and t h e Bank o f 
E n g l a n d n o t i c e s a y t h e r a t i o s h o u l d n o t be l e s s t h a n 8%. 
V a r i o u s a s s e t i t e m s i n c l u d e d i n t h e c a l c u l a t i o n s a re r i s k 
w e i g h t e d a c c o r d i n g t o t y p e a n d l o c a t i o n . A l t h o u g h t h e 
d i r e c t i v e s p e c i f i e s r i s k w e i g h t i n g s i t a l s o s t a t e s 
t h a t : " c o m p e t e n t a u t h o r i t i e s may f i x h i g h e r w e i g h t i n g s " . I n 
A p p e n d i x 1 t h e Bank o f E n g l a n d ' s r i s k w e i g h t i n g s a r e g i v e n . 
P e r h a p s t h e m o s t i m p o r t a n t i m p l i c a t i o n o f t h e d i r e c t i v e s i s 
t h a t t h e y r e p r e s e n t an e x t e r n a l i n f l u e n c e on b a n k s , w h i c h 
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a t t e m p t s t o h a r m o n i z e t h e m a g n i t u d e o f f i n a n c i a l r i s k i n 
t h e i r p o r t f o l i o o f r i s k s i n r e l a t i o n t o t h e i r a s s e t s . 
The i n t e r n a l c o n t r o l s b a n k s use t o manage t h e i r p o r t f o l i o s 
o f r i s k s t a k e s e v e r a l f o r m s , each bank t e n d i n g t o d e v e l o p 
i t s own m e t h o d s . T h e r e a r e h o w e v e r i m p o r t a n t common 
f e a t u r e s . A l l t h e c r i t e r i a u s e d a r e t o a c e r t a i n e x t e n t 
v a r i a b l e . The c r i t e r i a b e i n g a d j u s t e d t o r e f l e c t t h e 
c u r r e n t e c o n o m i c c l i m a t e and d e v e l o p m e n t s i n w h a t a r e 
c o n s i d e r e d t o be i m p o r t a n t p a r a m e t e r s i n a s s e s s i n g t h e 
a c c e p t a b i l i t y o f r i s k . Fo r e x a m p l e i n B r i t a i n i n t h e e a r l y 
n i n e t e e n n i n e t i e s i t i s much more d i f f i c u l t f o r a company 
t o b o r r o w money f r o m a bank t h a n i t was i n t h e m i d - n i n e t e e n 
e i g h t i e s . B e c a u s e t h e r e c e s s i o n had r e s u l t e d i n b a n k s 
h a v i n g t o make e x t e n s i v e p r o v i s i o n f o r bad d e b t s t h e y were 
m o r e d e m a n d i n g a b o u t t h e q u a l i t y o f t h e l o a n s t h e y g o t 
i n v o l v e d i n . 
The m e t h o d s banks use t o a s s e s s t h e a c c e p t a b i l i t y o f r i s k s 
i n t h e l o a n s t h e y make v a r y , n o t o n l y b e t w e e n b a n k s , b u t 
a l s o a c c o r d i n g t o t h e s i z e o f t h e l o a n . The a s s e s s m e n t o f 
a s m a l l b u s i n e s s man 's a p p l i c a t i o n f o r a t e n t h o u s a n d pound 
l o a n i s s o m e w h a t s i m p l e r t h a n t h e a s s e s s m e n t made o f a 
c o u n t r y ' s a p p l i c a t i o n f o r a f i v e h u n d r e d m i l l i o n p o u n d 
l o a n . T h i s does n o t mean t h a t t h e more d e t a i l e d a s s e s s m e n t 
i s n e c e s s a r i l y m o r e a c c u r a t e , A f a i r j u d g e m e n t on t h e 
m e t h o d s used w o u l d be t h a t t h e y g i v e t h e e x p e r i e n c e d Loans 
O f f i c e r a q u a l i t a t i v e i n d i c a t i o n o f t h e m a g n i t u d e o f t h e 
r i s k s a s s o c i a t e d w i t h a p a r t i c u l a r l o a n . 
A t t h e h e a r t o f any d e c i s i o n a b o u t t h e a c c e p t a b i l i t y o f a 
l o a n w i l l be an a s s e s s m e n t o f t h e f i v e b a s i c 
c h a r a c t e r i s t i c s t h a t d e t e r m i n e t h e a c c e p t a b i l i t y o f a l o a n 
p r o p o s a l . T h e c h a r a c t e r i s t i c s a r e , i n o r d e r o f 
i m p o r t a n c e : - 1 . A b i l i t y o f b o r r o w e r t o r e p a y , 2 . 
W i l l i n g n e s s o f l e n d e r t o make l o a n , 3. W e a l t h o f b o r r o w e r , 
4 . S e c u r i t y a g a i n s t l o a n , 5. The e c o n o m i c e n v i r o n m e n t . The 
r i s k may be c a t e g o r i s e d on a seven p o i n t s c a l e o f t h e t y p e 
s h o w n i n T a b l e 7. E v e r y o r g a n i s a t i o n may h a v e i t s own 
s p e c i a l c l a s s i f i c a t i o n s y s t e m b u t t h e g e n e r a l c o n c e p t i s 
t h e same. 
A t t h e l e v e l o f a p e r s o n a l l o a n a bank s i m p l y a s s e s s e s a 
p e r s o n ' s i n c o m e , o u t g o i n g s , e m p l o y m e n t r e c o r d , age and 
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TABLE 7 G e n e r a l i s e d Loan R i s k C l a s s i f i c a t i on 
R ISK CLASS RISK CODE INTEREST CHARGED 
1 . N o m i n a l o r No r i s k A + t o A- S t a n d a r d 
2 . M i n i m a l r i s k B + t o B- S t a n d a r d 
3 . R e a s o n a b l e r i s k C + t o C- S t a n d a r d + 10% 
4 . More t h a n n o r m a l r i s k C- t o D + S t a n d a r d + 25% 
5 . Cash b a s i s l o a n o n l y D S t a n d a r d + 40% 
6. H i g h r i s k D- t o F + S t a n d a r d + 50% 
t o 100% 
7 . U n a c c e p t a b l e F No l o a n p o s s i b l e 
m a r i t a l r e c o r d . F o r s l i g h t l y l a r g e r l o a n s t h e i r a c c o u n t 
may be r e v i e w e d , a s e c u r i t y o r g u a r a n t e e c a l l e d f o r and a 
g e n e r a l c h e c k made on t h e i r c r e d i t w o r t h i n e s s . A s m a l l 
b u s i n e s s s e e k i n g a l o a n w o u l d be e x p e c t e d t o show t h r e e 
y e a r s a c c o u n t s t o p r o v e t h a t i t was t r a d i n g p r o f i t a b l y . I n 
a d d i t i o n a c a s h f l o w f o r e c a s t c e r t i f i e d by an a c c o u n t a n t 
may be c a l l e d f o r . I n a s s e s s i n g a c o m p a n y ' s f i n a n c i a l 
r e p o r t t h e f i g u r e s w o u l d be a s s e s s e d u n d e r f i v e m a i n 
g r o u p s , w h i c h a r e : - A c t i v i t y R a t i o s , S e l l i n g E x p e n s e 
R a t i o s , L e v e r a g e R a t i o s , L i q u i d i t y R a t i o s and P r o f i t a b i l i t y 
R a t i o s . The c o m p o s i t i o n o f t h e s e f i v e g r o u p s i s s h o w n i n 
T a b l e 8 . J u s t o n e y e a r ' s f i g u r e s c a n o f t e n g i v e a 
m i s l e a d i n g i m p r e s s i o n and a b e t t e r f e e l i n g can be d e v e l o p e d 
by l o o k i n g a t t r e n d s o v e r t h r e e o r m o r e y e a r s . T h e 
a c c e p t a b l e r a t i o s w i l l n o t be t h e same f o r a l l i n d u s t r i e s , 
f o r e x a m p l e t h e f l u c t u a t i o n s i n t h e f a s h i o n t r a d e may be 
s e a s o n a l a n d i n an e n g i n e e r i n g c o n s u l t a n c y t h e r e may be a 
t h r e e y e a r c y c l e . 
Some a n a l y s t s h a v e r e c e n t l y b e e n u s i n g f i f t e e n c a u s e and 
e f f e c t r a t i o s . Some o f t h e s e r a t i o s a r e v e r y s i m i l a r t o 
t h e f i n a n c i a l s t a t e m e n t r a t i o s j u s t m e n t i o n e d . The f i f t e e n 
r a t i o s a r e s h o w n i n T a b l e 9. T a k e n t o g e t h e r t h e r a t i o s 
j u s t d e s c r i b e d g i v e a g o o d i n d i c a t i o n o f t h e p a s t 
p e r f o r m a n c e o f a c o m p a n y . I t i s s t r e s s e d t h a t t h e y o n l y 
i n d i c a t e t h e p a s t p e r f o r m a n c e . B e c a u s e t h e r a t i o s a r e 
c a l c u l a t e d f r o m f i n a n c i a l s t a t e m e n t s t h e y t e n d t o be o u t o f 
d a t e . P a s t p e r f o r m a n c e i s no measu re o f c u r r e n t o r f u t u r e 
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TABLE 8 Composition of F inancia l Report Assessment Ratio 
Groups 
RATIO GROUP COMPONENT RATIOS 
A c t i v i t y 
Rat ios 
Inventory Turnover 
Fixed Asset Turnover = 








S t r u c t u r e 
Rat ios 
Gross P r o f i t Margin = 
S e l l i n g Expense Rat io 
General Cost Rat io 
Deprec ia t ion plus Lease 
and Rental Costs Rat io 
Sales less Cost o f Sales 
Sales 
S e l l i n g Expense 
Sales 
General and Admin. Costs 
Sales 
= Deprec ia t ion plus Lease 




L i q u i d i t y 
Rat ios 
Leverage Rat io 
Fixed Charge 
coverage r a t i o 
Before Tax Income 
Required f o r S ink ing 
F ina l Payment 
. Tota l Debt 
Total Assets 
Income ava i l ab le f o r 
meeting Fixed Charges 
Fixed Charges 
S ink ing F ina l Payment 
1.0 - Tax Rate 
Current Rat io 
Working Cap i ta l 
Quick Rat io 
Current Assets 
Current L i a b i l i t i e s 
= Current Assets - Current 
L i a b i l i t i e s 
= Current Assets - Inven to r ies 
Current L i a b i l i t i e s 
P r o f i t a b i l i t y 
Rat ios 
P r o f i t Margin on 
Gross Revenue 
Return on Investment = 
Return on Net Worth = 
Net Income 
Gross Revenue 





TABLE 9 Cause and E f f e c t Ratios 
RATIO GROUP COMPONENT RATIOS 
Causal Rat io Inventory Turnover = 
P r o f i t Ob jec t i ve 
Recurables Ana lys is 
Use o f Cap i ta l 
Trading Rat io 
Eva luat ion o f Asset 
C l a s s i f i c a t i o n 
Net Sales 
Inventory 
Net P r o f i t 
Net Sales 
Current Accounts Recurable 





Miscel laneous Assets 
Net Worth 
E f f e c t Rat io Current Rat io 
Current L i a b i l i t y 
Rat io 
Tota l L i a b i l i t y 
Rat io 
Inventory Rat io 
Receivable Rat io 
Long Term 
L i a b i l i t i e s Rat io 
Net P r o f i t Rat io 
Net Sales Rat io 1 = 
Net Sales Rat io 2 = 
Current Assets 
Current L i a b i l i t i e s 
Current L i a b i l i t i e s 
Net Worth 
Total L i a b i l i t i e s 
Net Worth 
Inventory 
Working Cap i ta l 
Trade Receivable 
Working Cap i ta l 
Long Term L i a b i l i t i e s 
Working Capi ta l 





Working Cap i ta l 
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p e r f o r m a n c e . One f a c t o r t h a t i s c l a i m e d by Dun a n d 
B r a d s t r e e t t o g i v e q u i t e a good i n d i c a t i o n o f t h e v i a b i l i t y 
o f a c o m p a n y i s t h e l e n g t h o f t i m e t h e y t a k e t o pay t h e i r 
b i l l s . ( 2 9 ) G r a d u a l l y e x t e n d i n g t h e t i m e t h e y t a k e t o pay 
b i l l s i s t a k e n as a s u r e s i g n t h a t a c o m p a n y i s h e a d i n g f o r 
f i n a n c i a l d i f f i c u l t i e s p e r h a p s even b a n k r u p t c y . 
A n o t h e r m e t h o d t h a t i s c l a i m e d t o be 90% a c c u r a t e i n 
p r e d i c i t i n g f i n a n c i a l p r o b l e m s i s t h e so c a l l e d Z - S c o r e 
m o d e l . ( 3 0 ) The g e n e r a l f o r m o f t h e Z - S c o r e model i s : -
Z = 1.2X2 1-^X2 3 . 3 X 3 0 -6X4 ^5 
( C u r r e n t A s s e t s - C u r r e n t L i a b i l i t i e s ) Where X j 
T o t a l A s s e t s 
R e t a i n e d E a r n i n g s 
T o t a l A s s e t s 
E a r n i n g s B e f o r e I n t e r e s t and Taxes 
T o t a l A s s e t s 
M a r k e t V a l u e o f P r e f e r r e d and Common E q u i t y 
T o t a l D e b i t s 
S a l e s 
T o t a l A s s e t s 
A f i r m w i t h a Z - S c o r e b e l o w 1.8 i s c o n s i d e r e d t o be h e a d i n g 
f o r b a n k r u p t c y . W h i l e t h e m e t h o d has much t o commend i t 
f o r a s s e s s i n g t h e f i n a n c i a l s t a t u s o f a c o m p a n y t h a t has 
b e e n o p e r a t i n g f o r s o m e y e a r s i t d o e s n o t h e l p w i t h 
a s s e s s i n g t h e f i n a n c i a l s t a b i l i t y o f a new c o m p a n y . Nor 
does t h e m e t h o d make any a l l o w a n c e f o r t h e g e n e r a l e c o n o m i c 
e n v i r o n m e n t . I t may be t h a t d i f f e r e n t w e i g h t i n g f a c t o r s 
can be a c c e p t e d i n a t i m e o f deep r e c e s s i o n and t h a t t h e r e 
c o u l d be some f l e x i b i l i t y i n t h e 1.8 s c o r e . 
F o r a new c o m p a n y w i t h o u t any t r a d i n g r e c o r d a d e t a i l e d 
b u s i n e s s p l a n w o u l d be c a l l e d f o r and t h e p r o p r i e t o r ' s 
e x p e r i e n c e , c a p a b i l i t y a n d b a c k g r o u n d i n v e s t i g a t e d . I n 
b o t h t h e c a s e o f a new s m a l l company and an e x i s t i n g s m a l l 
company a bank i s l i k e l y t o c a l l f o r some k i n d o f s e c u r i t y 
o r g u a r a n t e e f o r any l o a n i t m a k e s . The s e c u r i t y may b e : 
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d e p o s i t o f s h a r e s , a l i f e i n s u r a n c e p o l i c y o r c a l l on t h e 
p r o p r i e t o r ' s p r o p e r t y . A l s o t h e b a n k w i l l e x p e c t t o be 
k e p t i n f o r m e d a b o u t t h e c o m p a n y ' s t r a d i n g p e r f o r m a n c e . The 
l o a n c o n t r a c t w i l l g e n e r a l l y be s u c h t h a t i f t h e c o m p a n y 
s t a r t s t o p e r f o r m i n an u n s a t i s f a c t o r y way t h e bank may 
c a l l i n t h e l o a n . I t i s e a s y t o e n v i s a g e t h a t i n some 
c a s e s c a l l i n g i n a l o a n may f o r c e a c o m p a n y i n t o 
l i q u i d a t i o n . The p r o b l e m f o r a bank i s t h a t i t may n o t be 
i n c l o s e enough c o n t a c t w i t h a company t o know e x a c t l y when 
i t i s a p p r o a c h i n g a c r i s i s i n i t s f i n a n c i a l a f f a i r s . As 
a l r e a d y h i n t e d c r e d i t r a t i n g s y s t e m s may n o t t e l l t h e w h o l e 
s t o r y , as t h e y may n o t be a d j u s t e d t o t h e c i r c u m s t a n c e s o f 
t h e p a r t i c u l a r company o r p r o p o s e r . 
W i t h l a r g e c o m p a n i e s , t h a t i s c o m p a n i e s who e m p l o y m o r e 
t h a n 5 0 0 p e o p l e o r h a v e a t u r n o v e r o f m o r e t h a n £ 2 0 
m i l l i o n t h e r i s k p r o b l e m s a r e more c o m p l e x . I n t h e case o f 
l e n d i n g t o g o v e r n m e n t s t h e r i s k p r o b l e m s a r e e v e n m o r e 
c o m p l e x . L a r g e c o m p a n i e s t e n d t o h a v e a s s e t s t h e y c a n 
o f f e r as s e c u r i t y f o r l o a n s . G o v e r n m e n t s j u s t i f y t h e i r 
c r e d i t w o r t h i n e s s by b e i n g b a c k e d by t h e w e a l t h o f t h e 
n a t i o n . B u t as i s s h o w n i n a m o m e n t c o n f i d e n c e i n t h e 
a s s e t s o f a c o m p a n y may p r o v e t o be u s e l e s s as may be t h e 
v a l u e o f t h e s e c u r i t y a g o v e r n m e n t g i v e s f o r a l o a n . The 
j u s t i f i c a t i o n f o r t h i s s c e p t i c i s m i s w e l l i l l u s t r a t e d by 
t h e s e r i e s o f d r a m a t i c b a n k r u p t c i e s t h a t t o o k p l a c e i n t h e 
e a r l y n i n e t e e n n i n e t i e s . Some w e r e due t o f a l l i n g p r o p e r t y 
v a l u e s w h i c h r e s u l t e d i n a r e d u c t i o n o f t h e v a l u e o f 
p r o p e r t y b a s e d s e c u r i t i e s g i v e n f o r l o a n s . An i m p o r t a n t 
c o n s e q u e n c e o f t h e r e d u c t i o n i n t h e v a l u e o f s e c u r i t i e s 
d e p o s i t e d as g u a r a n t e e s f o r l o a n s was t h a t banks w a n t e d t o 
r e d u c e t h e l o a n f a c i l i t y t h e y p r o v i d e d so t h a t t h e l o a n was 
m o r e c l o s e l y e q u a t e d w i t h t h e v a l u e o f t h e s e c u r i t y . 
A n o t h e r c a u s e w a s t h a t due t o t h e r e c e s s i o n t u r n o v e r f e l l 
and some c o m p a n i e s w e r e u n a b l e t o keep up i n t e r e s t and l o a n 
r e p a y m e n t s . I n c a s e s w h e r e d e b t r e s c h e d u l i n g c o u l d n o t be 
a r r a n g e d l i q u i d a t i o n was o f t e n t h e r e s u l t . 
S o m e t i m e s p e o p l e h a v e a v i e w t h a t a c o u n t r y w o u l d n o t 
d e f a u l t on p a y i n g t h e i n t e r e s t on a l o a n o r r e p a y i n g a l o a n 
by t h e due d a t e . S u c h a v i e w i s s e r i o u s l y w r o n g . As 
m e n t i o n e d i n C h a p t e r 1 , d e b t r e s c h e d u l i n g has i n c r e a s e d 
d r a m a t i c a l l y s i n c e 1979 and has s e r i o u s l y d i s t u r b e d w o r l d 
c a p i t a l f l o w s . I n t h e p a s t w a r s and r e v o l u t i o n s have o f t e n 
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g i v e n g o v e r n m e n t s an e x c u s e t o c o m p l e t e l y d e f a u l t on l o a n s . 
To d e m o n s t r a t e how c a r e f u l a bank has t o be i n d e t e r m i n i n g 
t h e a c c e p t a b i l i t y o f m a k i n g l o a n s t h e S w i s s Bank 
C o r p o r a t i o n ' s C o u n t r y R i s k A s s e s s m e n t p r o c e d u r e w i l l now be 
d e s c r i b e d . The s p e c i a l l y i n t e r e s t i n g f e a t u r e o f t h i s 
p r o c e d u r e i s t h e e x t e n s i v e r a n g e o f f a c t o r s i t t a k e s i n t o 
a c c o u n t . The l i s t o f f a c t o r s i d e n t i f i e d i s i n t e n d e d t o 
i n c l u d e a l l t h o s e t h a t i n f l u e n c e a b o r r o w e r s a b i l i t y t o 
r e p a y a l o a n . T h i s b e i n g t r u e f o r l a r g e c o m p a n i e s as w e l l 
as c o u n t r i e s . T h e r e a r e f i v e m a i n p a r t s t o t h e p r o c e d u r e 
t o a s s e s s each c o u n t r y , w h i c h a r e : - ( 3 1 ) 
1 ) E x a m i n e t h e h i s t o r y o f t h e d o m e s t i c economy and f r o m 
t h i s e x a m i n a t i o n a s s e s s t h e o u t l o o k f o r t h e d o m e s t i c 
economy . 
2 ) E x a m i n e t h e h i s t o r y o f t h e e x t e r n a l e c o n o m y and f r o m 
t h i s e x a m i n a t i o n a s s e s s t h e o u t l o o k f o r t h e e x t e r n a l 
e c o n o m y . 
3 ) E x a m i n e t h e h i s t o r y o f t h e c o u n t r y ' s d e b t 
c h a r a c t e r i s t i c s a n d f r o m t h i s e x a m i n a t i o n a s s e s s t h e 
o u t l o o k f o r t h e c o u n t r y ' s d e b t . 
4 ) A s s e s s t h e p o l i t i c a l r i s k , u n e m p l o y m e n t and pe r c a p i t a 
g r o w t h . 
5 ) Based on t h e d a t a c o l l e c t e d and t h e v i e w s f o r m e d a r r i v e 
a t a j u d g e m e n t a b o u t r i s k p o t e n t i a l , f r o m t h e b a n k ' s 
p o i n t o f v i e w , o f t h e c o u n t r y b e i n g c o n s i d e r e d . 
Each o f t h e f i v e p a r t s c o v e r s s e v e r a l t o p i c s , each o f w h i c h 
i s an i m p o r t a n t i n d i c a t o r i n i t s own r i g h t . The d o m e s t i c 
e c o n o m y p a r t c o u l d e q u a l l y w e l l be d e s c r i b e d as t h e 
a s s e s s m e n t o f t h e p e r f o r m a n c e i n d i c a t o r s as t h e y i n d i c a t e 
t h e e c o n o m i c and s t r u c t u r a l s t r e n g t h s o f a c o u n t r y . Under 
t h i s h e a d i n g a r e i n c l u d e d : 
1 . % r e a l GDP g r o w t h o v e r 12 mon ths a d j u s t e d f o r i n f l a t i o n 
2 . I n v e s t m e n t r a t i o % i n v e s t m e n t / G D P 
3 . I n v e s t m e n t e f f i c i e n c y i . e . 
% GDP g r o w t h (3 y e a r a v e r a g e ) 
I n v e s t m e n t R a t i o ( i t e m 2 ) 
4 . % i n f l a t i o n 
5 . % g r o w t h i n money s u p p l y 
6 . % r e a l d o m e s t i c c r e d i t c r e a t i o n 
7 . % f i s c a l b a l a n c e / G D P 
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The e x t e r n a l economy p a r t o f t h e a s s e s s m e n t d e a l s w i t h t h e 
i n f l u e n c e o f t h e w o r l d m a r k e t c o n d i t i o n s . U n d e r t h i s 
h e a d i n g a r e i n c l u d e d : 
c o m p e t i t i v e n e s s i n d e x 
t r a d e b a l a n c e 
e x p o r t s 
i m p o r t s 
c u r r e n t a c c o u n t b a l a n c e 
e x p o r t s / G D P 
e x p o r t c o n c e n t r a t i o n 
i m p o r t s f r o m S w i t z e r l a n d 
The l a s t i t e m i s s p e c i f i c t o t h e i n t e r e s t s o f a S w i s s 
f i n a n c i a l i n s t i t u t i o n a n d c o u l d e a s i l y be c h a n g e d t o 
i m p o r t s f r o m t h e c o u n t r y c o n s i d e r i n g f i n a n c i a l i n v o l v e m e n t 
w i t h t h e c o u n t r y b e i n g a s s e s s e d . 
A s s e s s m e n t o f t h e d e b t c h a r a c t e r i s t i c s o f a c o u n t r y t a k e s 
i n t o a c c o u n t : t o t a l e x t e r n a l d e b t ( p u b l i c and p r i v a t e ) , 
i n t e r n a l r e s e r v e s ( e x c l u d i n g g o l d ) , e x t e r n a l d e b t s e r v i c e , 
e x t e r n a l d e b t / e x p o r t s , e x t e r n a l d e b t s e r v i c e / e x p o r t s , 
i n t e r e s t - a d j u s t e d c u r r e n t a c c o u n t / i n t e r e s t p a y m e n t s , 
i n t e r n a t i o n a l r e s e r v e s / i m p o r t s . 
A s s e s s m e n t o f t h e p o l i t i c a l / s o c i a l f a c t o r s , w h i c h f o r m t h e 
f o u r t h g r o u p o f f a c t o r s , i n v o l v e s q u a l i t a t i v e d a t a t o a 
much g r e a t e r e x t e n t t h a n t h e o t h e r f a c t o r s . C o n s e q u e n t l y 
j u d g e m e n t s a b o u t t h e s i g n i f i c a n c e o f t h e f a c t o r s mus t t o a 
v e r y l a r g e e x t e n t be s u b j e c t i v e . The way t h e a s s e s s m e n t o f 
p o l i t i c a l a n d s o c i a l f a c t o r s i s made i n t h e S w i s s Bank 
C o r p o r a t i o n ' s C o u n t r y R i s k A s s e s s m e n t i s a n a l o g o u s t o t h e 
way s o c i o - p o l i t i c a l f a c t o r s a r e a s s e s s e d i n t h e R i s k 
R a n k i n g T e c h n i q u e d e s c r i b e d i n C h a p t e r 1 . I n t h e C o u n t r y 
R i s k A s s e s s m e n t t h e e v a l u a t i o n o f p o l i t i c a l / s o c i a l f a c t o r s 
t a k e s a c c o u n t o f : -
1 ) The c h a r a c t e r o f t h e p o l i t i c a l s y s t e m and p o l i t i c a l 
i n s t i t u t i o n s as w e l l as o f t h e g o v e r n m e n t s ' c o n t r o l 
mechan i sms. 
2 ) The s o c i a l and p o l i t i c a l c o n f l i c t s b e t w e e n d i f f e r e n t 
p o p u l a t i o n g r o u p s , c a u s e d by e c o n o m i c , r e l i g i o u s o r 
e t h n i c f a c t o r s , o r by l a n g u a g e d i f f e r e n c e s . 
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3 ) The e x i s t e n c e o f a l t e r n a t i v e g o v e r n m e n t s o r o p p o s i t i o n 
m o v e m e n t s , e v a l u a t i o n o f t h e i r g o a l s and i m p o r t a n c e . 
4 ) R e l a t i o n s w i t h n e i g h b o u r i n g c o u n t r i e s and t r a d i n g 
p a r t n e r s . 
5 ) The s t r a t e g i c i m p o r t a n c e o f t h e c o u n t r y . 
6 ) I n t e r n a t i o n a l i n t e g r a t i o n o f t h e c o u n t r y . 
The p o l i t i c a l and s o c i a l s t a b i l i t y i s r a t e d on a S c a l e o f 1 
t o 1 0 , w i t h 1 b e i n g t h e l o w - r i s k e n d o f t h e s c a l e . The 
s c o r e s a r e d i v i d e d i n t o f o u r c a t e g o r i e s ( o r r a n k s ) as shown 
i n T a b l e 1 0 . 
TABLE 10 P o l i t i c a l and S o c i a l S t a b i l i t y C a t e g o r i e s 




RISK ASSESSMENT RATING SCORE 
1 P r a c t i c a l l y n i l / l o w 1 - 3 
2 A c c e p t a b l e 4 - 6 
3 H i g h 7 - 9 
4 C l e a r l y e x c e s s i v e 10 
An e x a m p l e o f t h e a p p l i c a t i o n o f t h e C o u n t r y R i s k 
A s s e s s m e n t p r o c e d u r e t o a f i c t i t i o u s c o u n t r y and based on 
i n v e n t e d n u m b e r s i s g i v e n i n A p p e n d i x 2 . The a s s e s s m e n t 
d e m o n s t r a t e s how t h e c o n c l u s i o n s a r e based on t h e d a t a f r o m 
s e v e r a l y e a r s . The e s t i m a t e f o r 1988 a n d t h e o u t l o o k a r e 
s u m m a r i z e d i n T a b l e 1 1 . D e s p i t e t h e e x p l i c i t f o r e c a s t 
h o r i z o n b e i n g l i m i t e d t o a b o u t 1 1 /2 y e a r s t h e C o u n t r y R i s k 
A s s e s s m e n t p r o c e d u r e d o e s g i v e an o v e r a l l p i c t u r e o f a 
c o u n t r y ' s e c o n o m i c s t a b i l i t y and by i m p l i c a t i o n i t g i v e s an 
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TABLE 11 Summary of F i c t i t i o u s Country Risk Assessment 




Real GDP Growth % - 3.2 1.5 
Domestic Investment/GDP 
Economy ( I n t e r n a t i o n a l Average 25%) 
Investment e f f i c i e n c y 
14.7 Improving 
( c r i t i c a l l eve l < .2 ) - 0.11 Unchanged 
I n f l a t i o n % 18.2 Improving 
Money supply growth % 9.8 Unchanged 
Real Domestic C red i t 
Creat ion % - 9.4 Up 
F isca l Balance/GDP % - 1.7 D e t e r i o r a t i n g 
Competi t iveness Index 
External (1980 = 100) 80 Improving 
Economy Trade Balance (Goods) - 0.80 Improving 
Exports (Goods & Serv ices) 9.1 Improving 
Imports (Goods & Serv ices) 10.3 Up 
Current Account Balance - 0.9 Improving 
Exports/GDP % 23 Unchanged 
Export concen t ra t ion 35 Unchanged 
Imports from Swi tzer land 105 Improving 
Tota l External Debt 
Debt (Publ ic & P r i v a t e ) 28 De te r i o ra t i ng 
Charac ter - I n t e r n a t i o n a l Reserves 
i s t i c s exc lud ing gold 1 Improving 
External Debt serv ice 3.4 D e t e r i o r a t i n g 
External Debt /expor ts 
( C r i t i c a l l eve l > 150%) 308 Improving 
External Debt Serv ice /expor ts 
( C r i t i c a l l eve l > 25%) 37.3 Improving 
I n t e r e s t ad justed Current 
A c c o u n t / I n t e r e s t payments 67 Improving 
I n t e r n a t i o n a l Reserves/ 
Imports 1.2 Improving 
P o l i t i c a l Risk 
Soc io - (On a 10 p o i n t r a t i n g score) 6 Unchanged 
P o l i t i c a l Recorded Unemployment Rate 13.5 Unchanged 
Factors Per cap i ta GDP growth - 5.5 - 0.8 
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i n d i c a t i o n of c r e d i t wor th iness of a country. The value of 
t h e i n d i c a t i o n of c r e d i t w o r t h i n e s s of a c o u n t r y i s 
dependent on the q u a l i t y of the data a v a i l a b l e and in t h i s 
contex t the Bank recogn izes the importance of the evidence 
c o l l e c t e d by t h e i r own s t a f f with exper ience of the country 
i n v o l v e d . 
The Bank a l s o recognizes that Country Risk Assessment can 
o n l y be p a r t of the management a p p a r a t u s of r i s k 
management. The assessment techniques have t h e i r natural 
l i m i t a t i o n s a s , to a c e r t a i n e x t e n t , f u t u r e e v e n t s are 
a l w a y s u n c e r t a i n . A prudent bank 's approach to managing 
t h e r i s k s i n h e r e n t i n i t s l o a n p o r t f o l i o w i l l be to 
d i v e r s i f y i t s loan p o r t f o l i o in such a way t h a t the bank 
can deal w i t h u n l i k e l y or u n f o r e s e e n e v e n t s . The l o g i c a l 
s t r u c t u r e of the Country R isk A s s e s s m e n t procedure can 
p r o v i d e an i n s i g h t i n t o the r e l a t i v e m e r i t of the v a r i o u s 
loan p o r t f o l i o s t ra tegy options a v a i l a b l e . 
The S w i s s Bank keep the e f f i c a c y of the assessment process 
under review and r e f i n e i t i t e r a t i v e l y as found necessary . 
Over the y e a r s the number of p a r a m e t e r s i n c l u d e d in the 
Country Risk Assessment Process has been increased from 20 
to 25. The A s s e s s m e n t P r o c e s s i s only a p p l i e d to l a r g e 
c o u n t r i e s , as the B a n k ' s l o a n s e x p o s u r e w i t h s m a l l 
c o u n t r i e s i s not c o n s i d e r e d to be a problem. The Bank 
c o n s i d e r s t h a t by c r i t i c a l l y m o n i t o r i n g the economic 
c h a r a c t e r i s t i c s of a country for severa l years gives them a 
good i n d i c a t i o n of the c r e d i t wor th iness of that country. 
When a Risk Assessment Report i s presented to the Execut ive 
Management i t i s accompanied by a two page b r i e f which 
draws a t t e n t i o n to the f i n d i n g s of the A s s e s s m e n t Report 
and a d v i s e s the E x e c u t i v e on the c r e d i t w o r t h i n e s s of the 
country invo lved . The s t r u c t u r e of the Execut ive b r i e f i s 
descr ibed in Appendix 3. 
Of the 18 p r o f e s s i o n a l e c o n o m i s t s in the Bank's c e n t r a l 
e c o n o m i c s d i v i s i o n about 6 are i n v o l v e d in p r e p a r i n g 
Count ry A s s e s s m e n t R e p o r t s , but p r e p a r i n g A s s e s s m e n t 
R e p o r t s i s not t h e i r on ly j o b . As a l l the n e c e s s a r y 
s o u r c e s of i n f o r m a t i o n are e s t a b l i s h e d i t t a k e s about 1 
week to p r e p a r e an A s s e s s m e n t Repor t f o r a p a r t i c u l a r 
c o u n t r y . The Bank has not c o m p u t e r i s e d p r e p a r a t i o n of 
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Assessment Reports a s , in t h e i r v iew, the preparat ion would 
not be speeded by c o m p u t e r i s a t i o n p a r t i c u l a r l y as many 
p a r t s of the Repor t are m a t t e r s of judgement not p r e c i s e 
f a c t s . 
Within the Bank o v e r a l l r e s p o n s i b i l i t y for preparat ion of 
the C o u n t r y A s s e s s m e n t r e s t s w i t h the B a n k ' s C h i e f 
E c o n o m i s t , who i s a l s o a V i c e P r e s i d e n t of the Bank. The 
Ch ie f Economist has a meeting each month with the Execut ive 
Board. I t i s from these monthly meetings that requests for 
preparat ion and s p e c i a l updating of Assessments flow. 
When f i n a n c e f o r a m a j o r p r o j e c t i s c o n s i d e r e d the 
a c c e p t a b i l i t y of the p r o p o s a l i s a s s e s s e d by the Bank's 
p r o j e c t f i n a n c e group. In such an a s s e s s m e n t the c r e d i t 
w o r t h i n e s s of the S p o n s o r s of the p r o j e c t i s a s s e s s e d . 
Such an assessment would take into account the experience 
of the s p o n s o r s in h a n d l i n g s i m i l a r p r o j e c t s . For an 
a s s e s s m e n t of the a c c e p t a b i l i t y of the t e c h n i c a l i s s u e s 
invo lved the Bank tends to use c o n s u l t a n t s . 
A n o t h e r a s s e s s m e n t p r o c e s s t h a t i s r e l e v a n t to the 
d i s c u s s i o n in t h i s c h a p t e r i s the way the S w i s s Bank 
Corporat ion a s s e s s e s the performance of leading Swiss f i rms 
to d e t e r m i n e the n a t u r e of the r i s k s a s s o c i a t e d wi th 
i n v e s t i n g in them. To a s s i s t i n v e s t o r s in publ ic companies 
the Bank pub l ishes an annual review of about 50 parameters, 
w h i c h they c o n s i d e r to be the e s s e n t i a l i n d i c a t o r s of the 
performance of lead ing Swiss f i r m s . (32) In the review no 
s i n g l e p a r a m e t e r i s i d e n t i f i e d as g i v n g an a d e q u a t e 
i n d i c a t i o n of performance. Instead the s i g n i f i c a n c e of the 
d a t a i s r a n k e d on a s c a l e f rom A to C - under t h r e e 
h e a d i n g s : h i s t o r i c a l p e r f o r m a n c e , d i v i d e n d p o l i c y and 
t r a n s p a r e n c y . Other s i m i l a r share or bond r a t i n g sys tems 
are S t a n d a r d and P o o r ' s and Moody's. S tandard and Poor 
r a t i n g s range from AAA down to D. (33) But they do not 
o v e r t l y a l l o w fo r t r a n s p a r e n c y in the same way t h a t the 
S w i s s Bank r a t i n g method does. Recent major company 
c o l l a p s e s show how i m p o r t a n t i t i s fo r a n a l y s t s and 
i n v e s t o r s to u n d e r s t a n d the t r a n s p a r e n c y of the f i g u r e s 
they are p r e s e n t e d w i t h . For example r e a d i n g the annual 
repor t of the Bank of C r e d i t Commerce I n t e r n a t i o n a l a year 
before they went bankrupt i t would be imposs ib le to detect 
that the company was moving rap id ly towards bankruptcy. 
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To i n v e s t i g a t e to what e x t e n t the S w i s s Bank 's p r a c t i c e s 
have f e a t u r e s s i m i l a r to o ther banks t h e i r p r a c t i c e s are 
now compared w i t h those of two B r i t i s h Banks. The banks 
a r e : - L loyds and National Westminster. 
The p r o c e d u r e s L l o y d s Bank use for a s s e s s i n g the r i s k s 
involved in lending to fore ign c o u n t r i e s inc lude assessment 
of the c h a r a c t e r i s t i c s of the c o u n t r y i n v o l v e d . A lso the 
bank a s s e s s e s any p r o p o s a l a g a i n s t i t s exposure l i m i t , 
wh ich i s the amount they are w i l l i n g to lend to t h a t 
country . The i n d i c a t o r s the Bank uses are a combination of 
j u d g e m e n t a l and s t a t i s t i c a l i n d i c a t o r s . The judgementa l 
i n d i c a t o r s are more f o r w a r d l o o k i n g . They a t tempt to 
a s s e s s a count ry 's performance in q u a l i t a t i v e terms and to 
a c t u a l l y a t t a c h s c o r e s to the q u a l i t a t i v e judgements so 
t h a t they end up w i t h an o r d i n a l measure of pe r fo rmance . 
The s t a t i s t i c a l s c o r i n g sys tem i s based on s t a t i s t i c s of 
the p a s t f i v e y e a r s . They do not a t tempt to draw up 
s t a t i s t i c a l i n d i c a t o r s based on judgements about the 
f u t u r e . Such an approach c o u l d develop i n t o a g u e s s i n g 
game, where those bankers who wish to j u s t i f y lending money 
to a c o u n t r y w i l l come up w i t h an o p t i m i s t i c s t a t i s t i c a l 
s c o r e based on t h e i r g l o r i o u s v i s i o n of the c o u n t r y ' s 
f u t u r e as an e x p o r t e r of t i n or whatever i t might be. 
Equa l l y p e s s i m i s t i c s c e p t i c a l economists could give a low 
s c o r e . 
The judgemental f a c t o r s are l i s t e d in Table 12 together 
wi th t h e i r scor ing s t r u c t u r e . The s t a t i s t i c a l f a c t o r s and 
t h e i r scor ing s t r u c t u r e are l i s t e d in Table 13. The score 
range a l l o c a t e d to each fac to r r e f l e c t s the weighting each 
f a c t o r i s c o n s i d e r e d to w a r r a n t . To a r r i v e a t an o v e r a l l 
index number the s t a t i s t i c a l and judgementa l r a t i n g s are 
summed, the t o t a l s m u l t i p l i e d t o g e t h e r and the product 
d i v i d e d by 100. The p r a c t i c a l r e a s o n , g iven by the Bank, 
for m u l t i p l y i n g the t o t a l f i g u r e s together being to ampli fy 
d i f f e r e n c e s in s c o r e s to f a c i l i t a t e c o m p a r i s o n . For 
s p e c i f i c cases other f a c t o r s l i k e primary surp lus and debt 
s e r v i c e may be s tud ied . 
As with the Swiss Bank Corporat ion the advice Lloyds C r e d i t 
Department pass to the Execut ive i s a b r i e f based on t h e i r 
ranking of the r i s k i n d i c a t o r s considered to be a s s o c i a t e d 
wi th a p a r t i c u l a r proposa l . At tent ion i s drawn to the fac t 
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TABLE 12 L loyd 's Country Risk A n a l y s i s Judgemental 
F a c t o r s and Scor ing S t r u c t u r e 
COUNTRY RISK ANALYSIS 
A DOMESTIC ECONOMIC POLICY MAXIMUM 
(1) Coherence of P o l i c y 5 
(2) Bus iness c l imate 5 
(3) S t a b i l i t y of P o l i c y 5 
(4) Qua l i ty of Bureaucracy 5 
B EXTERNAL ECONOMIC POLICY 
(1) Debt Management 10 
(2) Handling of L i q u i d i t y C r i s e s 5 
(3) Management of Exchange Rate 5 
(4) Management of Trade P o l i c y 5 
(5) Investment P o l i c y 5 
C POLITICAL CHARACTERISTICS 
(1) D u r a b i l i t y 10 
(2) E f f e c t i v e n e s s 10 
(3) I n t e r n a t i o n a l P o s i t i o n 5 
D POLITICAL STABILITY 
(1) Ri sk of Local War 10 
(2) Risk of V io len t Revolut ion 10 





Grand Total - Maximum 100 
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TABLE 13 L l o y d ' s Country Risk A n a l y s i s S t a t i s t i c a l 
F a c t o r s and Scor ing S t r u c t u r e 
1 GNP per c a p i t a . (Range US$0-10,000 ) . 10 ( Ip t = $1000 
2 Real GDP, annual growth rate of the 
l a s t 5 y e a r s . (Range 0-5%) 10 ( Ip t = 1/2%) 
3 Gross domestic investment as % of GDP 




4 Export growth in US$, annual average 
1980-84 (Range 0-20%) 10 ( Ip t = 2%) 
5 Export v a r i a b i l i t y s c o r e . 
Measured by the c o e f f i c i e n t of 
v a r i a t i o n (CV) of exports of the l a s t 
10 y e a r s . (Range 0 . 4 - 0 . 1 ) 10 ( Ip t = 0.03) 
6 I n f l a t i o n rate over the l a s t 5 years 
(Range 50-0%) 10 ( Ip t = 5%) 
7 Debt s e r v i c e / f o r e i g n exchange 
r e c e i p t s . (Range 50-0%) 10 ( Ip t = 5%) 
8 I n t e r e s t s e r v i c e / f o r e i g n exchange 
r e c e i p t s (Range 20-0%) 10 ( Ip t = 2%) 
9 Debt/GNP. (Range 100-0%) 10 ( Ip t = 10%) 
10 Debt / fo re ign exchange r e c e i p t s 
(Range 400-0%) 10 ( Ip t = 40%) 
TOTAL 100 
t h a t L l o y d s rank r i s k f a c t o r s w h i l e the S w i s s Bank 
Corporat ion simply a s s e s s each fac to r in q u a l i t a t i v e terms 
l i k e improving or d e t e r i o r a t i n g . 
I t should a lso be noted that for general c r e d i t assessment 
L l o y d s Bank has c o n s i d e r e d u s i n g a v a r i a t i o n they had 
developed of the Bank of England's scheme for weighting the 
s i g n i f i c a n c e of v a r i o u s t y p e s of a s s e t s . A s i m p l i f i e d 
d e s c r i p t i o n of the scheme i s given in Table 14 and c o n s i s t s 
of s c o r i n g a s s e t s fo r r e w a r d s and s i g n i f i c a n t r i s k s on a 
two p o i n t s y s t e m , 0 fo r bad or n e u t r a l rewards and r i s k s , 
and 1 for good rewards or r i s k s . (34) In the second part of 
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TABLE 14 Ranking System of the F a c t o r s Considered by 
L loyds Bank 
A RISK-REWARD MATRIX 
The scor in g system used. 
Rewards: 0 bad or n e u t r a l , 1 good 
R i s k s : 0 bad or n e u t r a l , 1 good 
Scor ing schedule of r e p r e s e n t a t i v e c a t e g o r i e s of a c t i v i t y 
Act i vi ty 
Wholesale (W) 



















Matrix of scores 
Act i vi ty 
Loan C h a r a c t e r i s t i c s 
Scores 




































t h e t a b l e the s c o r e s t h a t i t i s c o n s i d e r e d c e r t a i n 
a c t i v i t i e s j u s t i f y are d e s c r i b e d . In the s c h e d u l e r e t a i l 
l e n d i n g i s g iven a reward s c o r e of ' 1 ' w h i l e w h o l e s a l e 
a c t i v i t i e s a r e g i v e n a s c o r e of ' 0 ' . In c o m p a r i n g 
government l e n d i n g w i t h p r i v a t e s e c t o r l e n d i n g the 
reward p o s t u l a t e d i s g e n e r a l l y h i g h e r fo r the p r i v a t e 
s e c t o r . Lend ing to governments i s c o n s i d e r e d to be low 
r i s k so i t g e t s a h i g h e r r a n k i n g s c o r e . F i n a l l y domest ic 
versus fore ign lending there i s no s p e c i a l reward, but 
g e n e r a l l y banks regard the r i s k of domestic lending as l e s s 
than t h a t of f o r e i g n l e n d i n g as they tend to know more 
about t h e i r home market than they do about foreign markets. 
Both wholesa le and r e t a i l bus iness can be a s s o c i a t e d with 
g o v e r n m e n t , p r i v a t e d o m e s t i c and f o r e i g n t y p e s of 
a c t i v i t y . T h i s g i v e s an e i g h t by s i x m a t r i x as shown in 
the bottom of T a b l e 14. The m a t r i x shows the most 
a c c e p t a b l e r a n k i n g i s w i t h d o m e s t i c r e t a i l l e n d i n g , 
whe ther to the p u b l i c or the p r i v a t e s e c t o r . The l o w e s t 
r a n k i n g of one goes to w h o l e s a l e l e n d i n g to f o r e i g n e r s , 
whether governments or p r i v a t e borrowers. Everyth ing e l s e 
g e t s a medium r a n k i n g of t w o , but t h a t i s b a s e d on 
d i f f e r e n t combinat ions of a c t i v i t i e s . 
The National Westminster has for many years used a method 
of scor ing to rank the economic and s o c i o - p o l i t i c a l f a c t o r s 
t h a t i n f l u e n c e the a c c e p t a b i l i t y of c r e d i t r i s k s . ( 3 5 ) ( 3 6 ) 
The Bank's r e p r e s e n t a t i v e s abroad are considered important 
s o u r c e s of i n f o r m a t i o n on which to base t h e i r r a n k i n g of 
r i s k a s s o c i a t e d w i t h c r e d i t to f o r e i g n c o u n t r i e s . In 
p r o j e c t f i n a n c i n g the National Westminster has among other 
p r o j e c t s been i n v o l v e d in the a r r a n g e m e n t s for f i n a n c i n g 
the Channel Tunnel p r o j e c t , which was out l ined in Chapter 
1. Other l a r g e p r o j e c t s the Bank has been i n v o l v e d in 
f i n a n c i n g i n c l u d e : - the c o k i n g c o a l mines in Q u e e n s l a n d , 
A u s t r a l i a , the Hemlo Gold Mine in Canada, Howden Wind Parks 
in the USA, Dowington Waste Water T rea tment p l a n t in the 
USA and the F o r t i e s , B a l m o r a l and Alwyn North f i e l d s in the 
North S e a . In a s s e s s i n g the a c c e p t a b i l i t y of a p r o j e c t , 
the bank a s s e s s e s the t e c h n i c a l , economic and p o l i t i c a l 
r i s k s . (36) 
In a s s e s s i n g the t e c h n i c a l a c c e p t a b i l i t y account i s taken 
of the p r o p o s e r s c a p a b i l i t y and e x p e r i e n c e in d e a l i n g 
s u c c e s s f u l l y w i t h p r o j e c t s of a s i m i l a r n a t u r e . For 
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a s s e s s i n g many p r o j e c t s the Bank has i t s own " i n - h o u s e " 
s p e c i a l i s t s in many f i e l d s . For example, the bank has i t s 
own team of s p e c i a l i s t s in o i l , gas and mining. The Spec ia l 
F i n a n c i a l S e r v i c e s Group which i n c l u d e s p r o j e c t f i n a n c e , 
f i n a n c i a l e n g i n e e r i n g and s y n d i c a t i o n teams has 80 
s p e c i a l i s t s ' . (36) But for a s s e s s i n g p r o j e c t s outside the 
c a p a b i l i t y of the bank 's own e x p e r t s the bank employs 
i n d e p e n d e n t o u t s i d e c o n s u l t a n t s w i t h the a p p r o p r i a t e 
s k i l l s . 
In a s s e s s i n g the economic r i s k s the bank pays a t t e n t i o n , 
among o t h e r t h i n g s , t o : the p o s s i b i l i t y of c o s t o v e r r u n s , 
adequacy of r e s e r v e , i n f l a t i o n in f luence on operat ing cos ts 
and market and p r i c e f l u c t u a t i o n s . 
In a s s e s s i n g p o l i t i c a l r i s k s a t t e n t i o n i s g iven to both 
f i s c a l and n o n - f i s c a l r i s k s . 
I t a p p e a r s t h a t the N a t i o n a l W e s t m i n s t e r methods bear at 
l e a s t a s u p e r f i c i a l resemblance to the methods used by the 
S w i s s Bank Corporat ion and L loyds . 
The c o n c l u s i o n s t h a t t h i s e x a m i n a t i o n of f i n a n c i a l 
i n s t i t u t i o n s r i s k assessment p r a c t i c e s appears to j u s t i f y 
a r e : -
1) There are formal ex te rna l regula tory c o n t r o l s on the 
amount of f i n a n c i a l r i s k f i n a n c i a l i n s t i t u t i o n s can 
a c c e p t . 
2) B a n k s do not s h a r e a common s e t of q u a n t i t a t i v e 
c r i t e r i a by which they judge a c c e p t a b i l i t y of r i s k s . 
3) There i s c o n s i d e r a b l e v a r i e t y in the methods banks use 
i n t e r n a l l y to a s s e s s the a c c e p t a b i l i t y of r i s k s . In 
a l l c a s e s the e x e c u t i v e making the d e c i s i o n about the 
a c c e p t a b i l i t y of a loan i s a l l o w e d a l a r g e degree of 
personal judgement. 
4) Banks concent ra te on a s s e s s i n g the economic aspects of 
r i s k . 
5) A l t h o u g h b a n k s a r e i n v o l v e d in a s s e s s i n g the 
a c c e p t a b i l i t y of the t e c h n i c a l , economic and s o c i o -
p o l i t i c a l a s p e c t s of p r o p o s a l s they do not a t tempt to 
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make a u n i f i e d c o m p r e h e n s i v e a s s e s s m e n t of the 
a c c e p t a b i l i t y in te rms of t h e s e t h r e e f a c t o r s in the 
same way the Risk Ranking Technique does. 
6) The d i v e r s i t y of r i s k f a c t o r s b a n k s ' c o n s i d e r in 
a s s e s s i n g the a c c e p t a b i l i t y of p r o p o s a l s g ive a c l e a r 
i l l u s t r a t i o n of problems of f ind ing a s i n g l e i n d i c a t o r 
o f the s t a b i l i t y of the e c o n o m i c e n v i r o n m e n t 
s u r r o u n d i n g a p r o p o s a l , which a l l d e c i s i o n makers 
should use. 
7) The v a l u e of a d e c i s i o n based on a p r e s e n t a t i o n tha t 
o b s c u r e s the t r u t h i s of d o u b t f u l v a l u e . The 
i m p o r t a n c e of the i n f o r m a t i o n on which i n v e s t m e n t 
d e c i s i o n s are made being t ransparent i s recognised in 
the S w i s s Bank 's method of r a t i n g fo r i n v e s t m e n t 
purpose the q u a l i t y of a company's performance. 
41 
CHAPTER 3 
T h e o r e t i c a l C o n s i d e r a t i o n s 
In the d i s c u s s i o n so f a r t h e r e has been no a t tempt to 
j u s t i f y the d e c i s i o n processes in t h e o r e t i c a l terms, as the 
p r e s e n t a t i o n has been somewhat pragmatic and concentrated 
on the p r a c t i c a l problems a s s o c i a t e d w i t h a s s e s s i n g r i s k 
a c c e p t a b i l i t y . In t h i s c h a p t e r an a t tempt i s made to 
r e d r e s s the balance by c r i t i c a l l y examining the extent to 
which the c o n s t r u c t i o n of the Risk Ranking Technique can be 
j u s t i f i e d in t h e o r e t i c a l t e r m s . In t h i s c a s e the phrase 
" t h e o r e t i c a l t e r m s " i s i n t e n d e d to d e f i n e a form of 
r e a s o n i n g t h a t has the p r e c i s i o n t h a t a r i t h m e t i c has for 
p rocesses i n v o l v i n g numbers or geometric a n a l y s i s has for 
p r o c e s s e s d e s c r i b i n g l i n e s . (37) T h i s e x a m i n a t i o n of the 
q u a l i t y of the t h e o r e t i c a l j u s t i f i c a t i o n r e a l l y acts as a 
prelude to the d i s c u s s i o n in l a t e r chapters of the problems 
of making a d e t a i l e d a s s e s s m e n t of a p roposa l and the 
a l t e r n a t i v e methods that may be used. 
The s t a r t i n g point for t h i s examination i s recogni t ion of 
the f a c t that any comprehensive assessment of the dec is ion 
opt ions has to take account of the t e c h n i c a l , economic and 
s o c i o - p o l i t i c a l f a c t o r s . The c e n t r a l concerns a r e : - how to 
weight the s i g n i f i c a n c e of the f a c t o r s and how to s t r u c t u r e 
in a l o g i c a l l y d e f e n s i b l e way the a n a l y s i s of a complex 
mixture of q u a l i t a t i v e and quant i t i ve data . 
E s s e n t i a l l y the aim of any method of a s s e s s i n g d e c i s i o n 
o p t i o n s i s to help the d e c i s i o n maker de te rmine which 
d e c i s i o n o p t i o n i s most l i k e l y to s u c c e s s f u l l y s a t i s f y 
r e q u i r e m e n t s . In c o n s t r u c t i n g the a s s e s s m e n t of a 
p a r t i c u l a r d e c i s i o n op t ion i t i s assumed t h a t any f a c t o r 
r e l a t e d to the d e c i s i o n making can be ca tegor ised under one 
of three headings, which a r e : - t e c h n i c a l (T) , economic (E) 
and s o c i o - p o l i t i c a l (S) . The a c c e p t a b i l i t y of each fac tor 
be ing s c o r e d in some way a g a i n s t s p e c i f i e d c r i t e r i a . The 
o v e r a l l a c c e p t a b i l i t y being determined by in tegra t ing the 
s c o r e s of the f a c t o r s T, E and S. The i n t e g r a t e d s c o r e s 
d e t e r m i n i n g how the a c c e p t a b i l i t y of each opt ion can be 
c a t e g o r i s e d . Knowledge of each f a c t o r i s l i k e l y to be 
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i m p e r f e c t , so a degree of u n c e r t a i n t y must be a t t a c h e d to 
each s c o r e . 
In T a b l e 15 the n a t u r e of the t h e o r e t i c a l c o n c e r n s about 
seven aspec ts of the ranking process are i d e n t i f i e d . With 
a s p e c t 1 t h e c o n c e r n i s w h e t h e r or not T , E and S 
a d e q u a t e l y d e s c r i b e a l l the t o p i c s t h a t s h o u l d be 
c o n s i d e r e d . Th is concern has i t s o r i g i n s in the susp ic ion 
t h a t T, E and S may n o t , due to l i m i t a t i o n s on the data 
a v a i l a b l e , give a comprehensive d e s c r i p t i o n of the options 
to be c o n s i d e r e d . The d a t a t h a t has to be used f o r 
d e c i s i o n making can never be p e r f e c t and c o m p l e t e l y 
c o m p r e h e n s i v e . In the r e a l w o r l d , p a r t i c u l a r l y when the 
p r o p o s a l b e i n g c o n s i d e r e d i s n o v e l , t h e r e w i l l be 
u n c e r t a i n t y about the e v i d e n c e . U n c e r t a i n t y about the 
e v i d e n c e i s a t o p i c t h a t i s r e t u r n e d to l a t e r , in the 
d i s c u s s i o n of aspect 7. (As defined in Table 15). 
The adequacy of the comprehensive d e s c r i p t i o n of an option 
d e p e n d s on the way T , E and S a r e d e f i n e d . The 
d e f i n i t i o n of the f a c t o r s w i l l have to be adjusted to s u i t 
the c h a r a c t e r i s t i c s of each fami ly of d e c i s i o n s considered. 
With the T and E f a c t o r s there can be a c e r t a i n amount of 
conf idence that the f a c t o r s can be adequately descr ibed in 
q u a n t i t a t i v e terms. The q u a n t i f i c a t i o n of the evidence may 
be s o f t , n e v e r t h e l e s s the c r i t e r i a f o r j u d g i n g the 
a c c e p t a b i l i t y of the f a c t o r can be expressed in hard or at 
l e a s t f i rm q u a n t i f i e d terms. Then as understanding of the 
proposal develops the q u a l i t y of the q u a n t i f i c a t i o n of the 
evidence can be improved i t e r a t i v e l y . With a novel p ro jec t 
i t may be t h a t the d e c i s i o n has to be made on the b a s i s of 
s o f t data and t h a t i t w i l l only be when the p r o j e c t i s 
underway t h a t the r e q u i r e d hard data w i l l be g e n e r a t e d . 
The data generated may show that the p r o j e c t i s u n l i k e l y to 
be s u c c e s s f u l and shou ld be abandoned. An u n a c c e p t a b l e 
p r o j e c t i s a l w a y s a p o s s i b l e outcome. The very na ture of 
the S f a c t o r makes i t the most d i f f i c u l t to deal w i th in 
q u a n t i t a t i v e t e r m s . The c r i t i c i s m t h a t i s made of 
d e c i s i o n - a i d i n g approaches r e l a t e d to the S fac to r include 
( 3 8 ) : -
1) E t h i c a l c o n s i d e r a t i o n s may not be adequately al lowed 
f o r . 
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TABLE 15 Summary of T h e o r e t i c a l Concerns about ranking 
procedures 
ASPECT ASPECT DESCRIPTION THEORETICAL CONCERNS 
NO 
1 Identification of Do these factors adequately 
factors T, E and S represent al l the issues that 
a decision maker should consider 
2 Identification of How many ranks/steps should 
ranking steps and there be and how should the 
scores for each steps be defined. How 
factor should scores be related to Ranks 
3 Identify cr i ter ia On what features of the 
for scoring factors should the scoring 
factors cr i ter ia be based. 
4 Identify weighting How should the significance 
of significance of one factor compared to 
of each factor another be related 
5 Identify basis Should the overall s ign i f i -
for combining cance of the factors be 
factors considered as being the sum 
or product of the factors or should 
they be combined in other ways 
6 Combine weighted Does the overall ranking 
scores to give adequately represent an assessment 
overall ranking of the options before the 
decision maker or is there some 
bias in the overall Ranking 
7 Influence of As with any estimate there 
uncertainty will be uncertainty about 
about the data the significance of the 
and methodology numbers used. How the 
used can have on uncertainty should be treated 
ranking needs just i f icat ion. 
Can the consideration given to 
evaluating uncertainty be related 
to the size of the decision and 
the novelty of the decision 
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2) There may be e r r o r s in the l o g i c of the a s s e s s m e n t due 
to the d i f f i c u l t y of def in ing the optimum d e c i s i o n . 
3) The data that has to be used i s incomplete. 
4) There i s b ias in the a n a l y s i s that has to be used due 
to b ias of the a n a l y s t . 
5) The d e c i s i o n making environment has changed s ince the 
data was c o l l e c t e d and ana lysed. 
6) There i s a d i f f e r e n c e between d e c i s i o n s that are 
f o r c e d and d e m o c r a t i c d e c i s i o n s which are a r r i v e d at 
by d i s c u s s i o n . 
The c r i t i c i s m s i d e n t i f i e d above should be answered when the 
c r i t e r i a f o r s c o r i n g the S f a c t o r i s c o n s t r u c t e d . T h i s 
means the sco r in g c r i t e r i a for ranking the s i g n i f i c a n c e of 
the S f a c t o r tend only to be constant for a l i m i t e d fami ly 
of d e c i s i o n s at a p a r t i c u l a r t ime. . Changes in the dec is ion 
making e n v i r o n m e n t may change the c r i t e r i a t h a t are 
r e q u i r e d . T h i s l i m i t a t i o n i s s i m i l a r to t h a t proposed for 
the c r i t e r i a f o r s c o r i n g the a c c e p t a b i l i t y of T and E. In 
o t h e r words t h e r e w i l l be no d i r e c t c o m p a r a b i l i t y of 
r a n k i n g between f a m i l i e s of d e c i s i o n s u s i n g d i f f e r e n t 
ranking c r i t e r i a . But i t does not reduce the comparab i l i ty 
of r a n k i n g w i t h i n a f a m i l y of d e c i s i o n s in which each 
d e c i s i o n i s based on e x a c t l y the same c r i t e r i a . 
Perhaps the most important feature that the c r i t i c i s m s draw 
a t t e n t i o n to i s the need for the a n a l y s t , ranking dec is ion 
o p t i o n s , to have an u n d e r s t a n d i n g of the e t h i c a l 
i m p l i c a t i o n s of the d e c i s i o n opt ions. 
The second a s p e c t in T a b l e 15 r a i s e s q u e s t i o n s about how 
s c o r i n g s c a l e s s h o u l d be r e l a t e d to the a c c e p t a b i l i t y 
c r i t e r i a . The c e n t r a l q u e s t i o n i s : how shou ld the 
scor ing s c a l e for ranking a c c e p t a b i l i t y be designed? I t 
i s c o n s i d e r e d the r a n k i n g s t e p s shou ld be s u f f i c i e n t to 
show someth ing of the shades of a c c e p t a b i l i t y in the 
d e c i s i o n opt ions and not simply c a t e g o r i z e the options as 
a c c e p t a b l e or not a c c e p t a b l e . E q u a l l y i t i s c o n s i d e r e d 
that there should not be so many steps in the ranking that 
the c r e d i t a b i l i t y of the d a t a , on which the r a n k i n g would 
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have to be b a s e d , would be s t r e t c h e d too f a r . I t i s 
s u g g e s t e d t h a t four r a n k i n g s t e p s would g ive an adequate 
d e s c r i p t i o n of the shades of a c c e p t a b i l i t y of the v a r i o u s 
o p t i o n s open to the d e c i s i o n maker. An even number of 
s t e p s be ing s u g g e s t e d to overcome the t e m p t a t i o n for the 
a n a l y s t to use the n e u t r a l middle r a n k , as being a s a f e 
n e u t r a l n o n - c o m m i t a l judgement . Some c o n f i d e n c e in the 
a c c e p t a b i l i t y of such a design i s given by the f a c t that i t 
i s s i m i l a r to the p a t t e r n of r i s k ranks Lord Ash by proposed 
in h is study of the a c c e p t a b i l i t y of environmental r i s k s . 
(39) In the s c o r i n g s c a l e t h e r e shou ld be s u f f i c i e n t 
d i f f e r e n c e between the s t e p s in the s c a l e to p revent an 
a d v e r s e r a n k i n g of one f a c t o r be ing masked. A s c a l e such 
as 1, 2 , 5, 14 would overcome t h i s problem and c o r r e c t a 
w e a k n e s s in the s c a l e d e s c r i b e d in r e f . 12. F u r t h e r 
d i s c u s s i o n of the t h e o r e t i c a l f a c t o r s i n f l u e n c i n g the 
des igns of Ranking S c a l e s i s given in Appendix 4. 
What has j u s t been s a i d about the d e s i g n of the r a n k i n g 
s c a l e s u n d e r l i n e s the importance of c a r e f u l s p e c i f i c a t i o n 
of the c r i t e r i a f o r s c o r i n g . In c h a p t e r s 5, 6 and 7 the 
b a s i s f o r s c o r i n g the a c c e p t a b i l i t y of T, E and S f a c t o r s 
i s e x p l o r e d in some d e t a i l and at t h i s p o i n t in the study 
i t i s only necessary to make some ph i losophic points about 
the n a t u r e of i d e a l s c o r i n g c r i t e r i a . With each f a c t o r 
t h e r e i s a t remendous range of t o p i c s to be c o n s i d e r e d . 
S i m p l y d e f i n i n g c r i t e r i a in n a t u r a l language terms l i k e : 
not a c c e p t a b l e , acceptab le and very acceptable would give 
c r i t e r i a t h a t are too s o f t . Such n a t u r a l language terms 
have to be supp lemented by some q u a n t i t a t i v e s t a t e m e n t s 
t h a t r e l a t e to t e c h n i c a l and economic per formance and to 
s o c i o - p o l i t i c a l accep tab i1 i ty. 
The c r i t e r i a , i d e n t i f i e d in the l a t e r c h a p t e r s , for T and E 
f a c t o r s seem to a d e q u a t e l y r e l a t e a c c e p t a b i l i t y to 
q u a n t i t a t i v e e v i d e n c e . T h i s does not mean t h a t the 
c r i t e r i a cannot be improved . For e x a m p l e , the t e c h n i c a l 
c r i t e r i a could s p e c i f i c a l l y r e l a t e the ranking score to the 
p r o b a b i l i t y of a s u c c e s s f u l outcome. S i m i l a r l y the E 
f a c t o r c r i t e r i a could be adjusted to inc lude c a l c u l a t i o n of 
the r a t e of r e t u r n on the t o t a l through l i f e i n v e s t m e n t 
tak ing into account a l l the r i s k s invo lved . (40) 
The problem of i d e n t i f y i n g s u i t a b l e c r i t e r i a for S f a c t o r s 
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i s more open to c r i t i c i s m . Merkhofer has s t a t e d the 
p o s i t i o n i n the f o l l o w i n g t e r m s : - " t h e r e e x i s t s no 
c u r r e n t l y a v a i l a b l e d e c i s i o n - a i d i n g approach for s o c i a l 
r i s k d e c i s i o n s that i s f ree from c r i t i c i s m . Furthermore, 
a v a i l a b l e a p p r o a c h e s have d i f f e r e n t s t r e n g t h s and 
weaknesses. I t i s not p o s s i b l e , t h e r e f o r e , to i d e n t i f y any 
s p e c i f i c approach as in any a b s o l u t e sense the ' b e s t ' . " 
(41) Given that the d e c i s i o n maker has to make a dec is ion 
he /she has to f ind some way of eva lua t ing the s i g n i f i c a n c e 
of an S f a c t o r r e g a r d l e s s of the p o s s i b l e c r i t i c i s m . A 
s t a r t i n g assumption for the c r i t e r i a designer must be that 
everyone c o n c e r n e d or in any way a s s o c i a t e d wi th the 
proposal w i l l be aware of the content of the proposal and 
the i m p l i c a t i o n s of the p roposa l in S f a c t o r t e r m s . A lso 
i t i s assumed t h a t the d e c i s i o n making t a k e s p l a c e in a 
democrat ic s o c i e t y , where everyone i s f ree to express t h e i r 
opinion and a t t e n t i o n i s paid to the laws of the land. The 
d e t a i l s of the d e m o c r a t i c p r o c e s s e s vary from count ry to 
country . Examples of the v a r i a t i o n in democratic processes 
a r e : f r e q u e n t use of r e f e r e n d a in S w i t z e r l a n d and the 
f requent use of Pub l ic I n q u i r i e s in B r i t a i n . The poss ib le 
use of such p r o c e s s e s have to be c o n s i d e r e d as ways of 
d e t e r m i n i n g the a c c e p t a b i l i t y of S f a c t o r s in d e c i s i o n s . 
I t would be m i s l e a d i n g , to suggest that a c c e p t a b i l i t y in S 
f a c t o r terms could be judged p r e c i s e l y from the outcome of 
r e f e r e n d a or p u b l i c i n q u i r i e s . Such a v iew would 
c o m p l e t e l y i g n o r e the c o n t i n u o u s i n f l u e n c e of p r e s s u r e 
groups in a democrat ic s o c i e t y . The in f luence of pressure 
groups on p o l i c y development has been examined by Chicken, 
in r e f e r e n c e s 42 and 43 , so a l l t h a t need be s a i d here i s 
t h a t they are f a c t o r s whose impact has to be a l l o w e d for 
in determining the a c c e p t a b i l i t y of an S fac to r . 
Cent ra l to determinat ion of publ ic opinion about a proposal 
i s the f a c t t h a t the p u b l i c must be in formed about the 
nature of the proposal . In some c o u n t r i e s the need for the 
publ ic to be informed about some r i s k s i s entrenched in the 
law. (44) For example:- the European Commission has passed 
a D i r e c t i v e which s t a t e s : "Member s t a t e s s h a l l ensure that 
p e r s o n s l i a b l e to be a f f e c t e d by a m a j o r a c c i d e n t 
o r i g i n a t i n g in a n o t i f i e d i n d u s t r i a l a c t i v i t y are 
i n f o r m e d in an a p p r o p r i a t e manner of the s a f e t y measures 
and of the c o r r e c t b e h a v i o u r to adopt in the event of an 
a c c i d e n t " . (44) In a s i m i l a r vein the US Congress enacted 
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an emergency p l a n n i n g and community r i g h t to know Act . 
A l s o , in g e n e r a l the p u b l i c a l s o have r i g h t s to o b j e c t to 
a p p l i c a t i o n s fo r p l a n n i n g a p p r o v a l . The e x t e n t to which 
such r i g h t s are used v a r i e s from a p p l i c a t i o n to ap p l i ca t io n 
and f rom c o u n t r y to c o u n t r y . From the above i t i s 
suggested that the c r i t e r i a for ranking the s i g n i f i c a n c e of 
the S f a c t o r s h o u l d be based on an a s s e s s m e n t of the 
a c c e p t a b i l i t y of the proposal to the publ ic who w i l l be at 
r i s k from implementat ion of the proposal . This leaves open 
the q u e s t i o n of how the p u b l i c ' s o p i n i o n i s measured. In 
some c a s e s sampling might be appropr iate and in other cases 
vot ing might be appropr ia te . C r i t e r i a for Ranking S fac to rs 
a re d i s c u s s e d in d e t a i l in Chapter 7. But w i th the S 
f a c t o r more than any o ther f a c t o r the data on which the 
assessment i s based i s l i k e l y to change with time. Publ ic 
o p i n i o n i s f i c k l e . Even a c o m p r e h e n s i v e a s s e s s m e n t w i l l 
on ly be v a l i d f o r the t ime at which i t i s made, i t w i l l not 
i n d i c a t e the c h a n g e s i n o p i n i o n t h a t p r e s s u r e group 
i n f l u e n c e br ings about in the fu ture . 
T h i s s u r v e y of the form t h a t c r i t e r i a fo r r a n k i n g the 
a c c e p t a b i l i t y of r i s k c o u l d take has shown they have to 
c o v e r a v e r y w i d e r a n g e of c h a r a c t e r i s t i c s . The 
p o s s i b i l i t y of i d e n t i f y i n g c r i t e r i a t h a t would be 
s a t i s f a c t o r y in a l l d e c i s i o n making s i t u a t i o n s seems remote 
and not a goal worth p u r s u i n g . I t appears more p r a c t i c a l 
to i d e n t i f y the c r i t e r i a f o r p a r t i c u l a r f a m i l i e s of 
d e c i s i o n s . Such an approach would mean that i t w i l l only 
be p o s s i b l e to compare a c c u r a t e l y the s i g n i f i c a n c e of 
d e c i s i o n s w i t h i n a p a r t i c u l a r f a m i l y of d e c i s i o n s . 
Comparison of the a c c e p t a b i l i t y of r i s k s between f a m i l i e s 
of r i s k s could be made, s u b j e c t to some c o r r e l a t i o n factor 
be ing used to take a c c o u n t of the d i f f e r e n t p r i n c i p l e s on 
which the c r i t e r i a were based. However, cons is tency in the 
l o g i c of r a n k i n g d e c i s i o n o p t i o n s shou ld improve the 
c o n s i s t e n c y of the q u a l i t y of d e c i s i o n making. In Table 16 
the general p r i n c i p l e s on which the c r i t e r i a could be based 
are summarized. 
The f o u r t h , f i f t h and s i x t h t h e o r e t i c a l a s p e c t s of the 
r a n k i n g r i s k s are c r i t i c a l as they r e l a t e to how the 
s i g n i f i c a n c e of the t h r e e f a c t o r s T, E and S are weighted 
and combined. I d e a l l y the ranking would be appl ied 
o n l y when the d e t a i l e d a s s e s s m e n t of T , E and S i s 
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TABLE 16 SuBoiary of the P r i n c i p l e s on which C r i t e r i a for 
Ranking Risk should be based 
FACTOR PRINCIPLES TYPICAL FORMS 
T e c h n i c a l per formance 
r e q u i r e d , s t a t e d i n 
quant. i t a t i ve t e r m s , 
TECHNICAL These r e q u i r e m e n t s 
would i n c l u d e customer 
and s t a t u t o r y 
requ i r emen ts . 
Techn i ca l e v a l u a t i o n 
of the o p e r a t i o n a l 
l i f e o f the p r o j e c t . 
An assessment of the 
consequences of the 
p r o j e c t f a i l i n g to 
ach ieve i t s o b j e c -
t i v e . An assessment 
o f the c a p a b i l i t y o f 
those who w i l l 
implement p r o p o s a l s . 
For commercia l p r o j e c t s 
the a c c e p t a b i l i t y 
shou ld be expressed as 
a r a t e of r e t u r n t h a t 
ECONOMIC takes i n t o account the 
r i s k s i n v o l v e d . For 
p r o j e c t s o f a s o c i a l 
w e l f a r e na tu re the 
b e n e f i t of the 
e x p e n d i t u r e shou ld be 
compared w i t h the 
b e n e f i t s o f a l t e r n a t i v e 
expendi t u r e . 
A q u a n t i t a t i v e 
assessment of the 
l i k e l y th rough l i f e 
i nves tmen t r e q u i r e d 
and the r e t u r n on 
i n v e s t m e n t . The 
assessment would 
i n c l u d e a 
s ta temen t of the 
assoc i a ted 
u n c e r t a i n t y . 
The c r i t e r i a f o r 
assess ing a c c e p t a b i l i t y 
o f s o c i o - p o l i t i c a l 
SOCIO- f a c t o r s shou ld take 
POLITICAL account of the e x t e n t 
to which the p o p u l a t i o n 
unde rs tand the r i s k they 
are exposed to and the 
way i n which they have 
been ab le to express 
t h e i r v iews about the 
a c c e p t a b i l i t y of the 
r i s k . 
A survey of p u b l i c 
o p i n i o n on the 
p roposa l , or the 
f i n d i n g s of a 
p u b l i c i n q u i ry 
i n to the proposa l , 
or the r e s u l t of 
a r e l e v a n t 
re fe rendum. 
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c o m p l e t e . I n p r a c t i c e t he d e c i s i o n m i g h t have t o be made 
b e f o r e the d e t a i l e d assessments are c o m p l e t e , but t he re may 
be o p p o r t u n i t i e s f o r i t e r a t i v e l y r e f i n i n g Ranking as b e t t e r 
i n f o r m a t i o n becomes a v a i l a b l e . The re w i l l a l w a y s be a 
degree o f u n c e r t a i n t y a s s o c i a t e d w i t h the c h a r a c t e r i s t i c s 
o f each f a c t o r , b u t t h a t i s a s l i g h t l y d i f f e r e n t p r o b l e m 
and one t h a t i s r e t u r n e d to i n d i s c u s s i o n of aspect 7. 
The des ign o f the a n a l y t i c a l p rocess shou ld be such t h a t T, 
E and S f a c t o r s are t r e a t e d e q u a l l y , thus a v o i d i n g the need 
t o c o n s i d e r t h e m b e i n g a s s e s s e d i n some p r e f e r r e d 
h i e r a r c h i c a l o r d e r . I t i s i m p l i c i t i n such an approach t h a t 
t h e r e l a t i o n s h i p b e t w e e n t he f a c t o r s i s assumed t o be 
r e c u r s i v e , t h a t i s t h e r e i s no d i r e c t or i n d i r e c t feedback 
b e t w e e n t h e f a c t o r s . I t i s a c c e p t e d t h a t r e c u r s i v e 
r e l a t i o n s h i p s b e t w e e n t he f a c t o r s may be c o n s i d e r e d 
u n r e a l i s t i c and t o o r i g i d . ( 45 ) The r e c u r s i v e n a t u r e o f 
the r e l a t i o n s h i p assumed i s j u s t i f i e d by the f a c t t h a t each 
d e c i s i o n f a c t o r c o n s i d e r e d i s d e f i n e d as b e i n g t he end 
p r o d u c t o f an i t e r a t i v e a s s e s s m e n t p r o c e s s , i n w h i c h the 
n a t u r e o f each f a c t o r i s e x p l o r e d and i n t e r a c t i o n s between 
t h e f a c t o r s and s u b - f a c t o r s a re a n a l y s e d i n o r d e r t o 
d e t e r m i n e opt imum r e l a t i o n s h i p s . In o t h e r words , be fo re the 
r a n k i n g p r o c e s s s t a r t s t h e p r o p o s e r w i l l have d e t e r m i n e d 
w h a t h e / s h e c o n s i d e r s t o be t h e o p t i m u m r e l a t i o n s h i p 
between the v a r i o u s f a c t o r s r e l a t e d to the p r o p o s a l . 
G i v e n t h a t t h e r a n k i n g f a c t o r s a re s p e c i f i e d as b e i n g 
i n d e p e n d e n t and have t o be a s s e s s e d s i m u l t a n e o u s l y t he 
q u e s t i o n t h a t has t o be answered i s : shou ld the f a c t o r s be 
t r e a t e d as hav ing equal s i g n i f i c a n c e ? To a c e r t a i n e x t e n t 
t h e a n s w e r depends on t h e c i r c u m s t a n c e s i n w h i c h the 
d e c i s i o n has t o be made. For example i n a s t a t e c o n t r o l l e d 
o r g a n i z a t i o n i t i s p o s s i b l e t o e n v i s a g e t h a t t he s o c i o -
p o l i t i c a l f a c t o r would p r e d o m i n a t e , as the m i n i s t e r who i s 
u l t i m a t e l y r e s p o n s i b l e f o r t he o r g a n i z a t i o n may c o n s i d e r 
t h a t t h e a p p r o p r i a t e n e s s o f t he d e c i s i o n t o t he c u r r e n t 
p o l i t i c a l c l i m a t e o f o v e r r i d i n g i m p o r t a n c e . In a s i m i l a r 
way i n w a r t i m e t h e p r i m e m i n i s t e r may c o n s i d e r t e c h n i c a l 
deve lopments t h a t would improve the chances of w i n n i n g the 
war many t i m e s more i m p o r t a n t than economic c o n s i d e r a t i o n s . 
I n f r e e e n t e r p r i s e b u s i n e s s s i t u a t i o n s t h e r e i s some 
j u s t i f i c a t i o n f o r a s s u m i n g t h a t t he t h r e e f a c t o r s a re o f 
equal w e i g h t . The j u s t i f i c a t i o n f o r t h i s v iew be ing t h a t : 
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u n l e s s the p roposa l i s t e c h n i c a l l y sound i t w i l l not be an 
a c c e p t a b l e b u s i n e s s p r o p o s i t i o n , u n l e s s t he p r o p o s a l i s 
e c o n o m i c a l l y s o u n d i t c a n n o t be a c c e p t e d and i f t h e 
p r o p o s a l i s n o t a c c e p t a b l e i n s o c i o - p o l i t i c a l t e r m s i t 
wou ld no t be w o r t h p u r s u i n g . The way the s c o r i n g system i s 
d e s i g n e d s h o u l d e n s u r e t h a t i f one f a c t o r i s g i v e n an 
" u n l i k e l y t o be a c c e p t a b l e " s c o r e t h e t o t a l s c o r e o f t he 
p r o p o s a l w i l l be i n t h e u n l i k e l y t o be a c c e p t a b l e r a n g e . 
The c o n c l u s i o n t h a t seems to be w a r r a n t e d i s t h a t f o r f r e e 
e n t e r p r i s e bus iness d e c i s i o n s a l l o c a t i n g the t h r e e r a n k i n g 
f a c t o r s equal w e i g h t i s l i k e l y to be a c c e p t a b l e . However, 
f o r each a p p l i c a t i o n the a p p r o p r i a t e n e s s of the w e i g h t i n g 
scheme shou ld be assessed. 
Equa l w e i g h t i n g o f f a c t o r s i m p l i e s t h a t t h e y s h o u l d be 
c o m b i n e d i n an e q u a l way. A d d i n g t he s c o r e s t o g e t h e r t o 
d e t e r m i n e the o v e r a l l r a n k i n g does no t i n t e r f e r e w i t h the 
c o n c e p t o f e q u a l i t y o f each f a c t o r . I f t he f a c t o r s c o r e s 
a r e c o m b i n e d by m u l t i p l y i n g them t o g e t h e r , c e r t a i n l y t he 
numbers produced would be l a r g e r . For example a s imp le 1 , 
2 , 5, 14 s c a l e w o u l d g i v e t o t a l s c o r e s r a n g i n g f r o m 1 t o 
2744 i f the scores are m u l t i p l i e d as compared w i t h 3 to 42 
i f t h e y a r e added . C o m p l i c a t i n g t he p a t t e r n o f t he rank 
scores does no t appear t o endow the r a n k i n g w i t h any unique 
p r o p e r t i e s , b u t t e n d s t o d e s t r o y t h e s i m p l i c i t y o f t he 
sc heme. 
A c c e p t i n g t h e j u s t i f i c a t i o n f o r t h e w e i g h t i n g , and 
c o m b i n a t i o n o f t h e f a c t o r s j u s t g i v e n means t he o v e r a l l 
r a n k i n g score i s a s i m p l e a r i t h m e t i c o p e r a t i o n . But s imp ly 
p e r f o r m i n g the a r i t h m e t i c a l o p e r a t i o n does not answer the 
q u e s t i o n o f w h e t h e r or n o t t he r a n k i n g o b t a i n e d g i v e s the 
D e c i s i o n Maker s u f f i c i e n t i n f o r m a t i o n about the m e r i t s of 
the v a r i o u s o p t i o n s . At l e a s t r a n k i n g g i ves a compar ison of 
t h e o p t i o n s as measu red by t h e v a l u e s o f T, E and S. The 
c o m p a r i s o n i s made i n a l o g i c a l and c o n s i s t e n t way. One 
p o s s i b l e weakness o f r a n k i n g i s t h a t i t does n o t p r e s e n t 
any o v e r t d i s c u s s i o n o f t he s t r e n g t h o f demand f o r the 
p r o p o s a l . The adequacy o f demand s h o u l d i n p r a c t i c e be 
t e s t e d i n b u i l d i n g up t h e a s s e s s m e n t o f E and t o a l e s s e r 
e x t e n t f o r a s s e s s m e n t o f t h e S f a c t o r . C a l c u l a t i n g E 
r e q u i r e s t h a t t h e r a t e o f r e t u r n on i n v e s t m e n t i s 
d e t e r m i n e d . I n o r d e r t o c a l c u l a t e a r a t e o f r e t u r n t he 
p a t t e r n o f demand has t o be d e t e r m i n e d , so the adequacy of 
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the r a t e o f r e t u r n r e f l e c t s the adequacy of the demand. S 
g i v e s a measure of p u b l i c suppo r t f o r or o p p o s i t i o n to the 
p r o p o s a l , wh ich i s no t q u i t e the same as measur ing demand. 
However, s u p p o r t w i l l suggest t h e r e i s l i k e l y to be demand 
i n e c o n o m i c t e r m s . But t h e o p p o s i t e i s n o t n e c e s s a r i l y 
t r u e . O p p o s i t i o n may be l o c a l and not r e l a t e d to the main 
c e n t r e o f demand. Th i s draws a t t e n t i o n to the impor tance 
o f c a r e f u l l y assess i ng p u b l i c o p i n i o n f o r d e t e r m i n i n g the 
v a l u e o f S. An example o f u n d e r s t a n d i n g the impor tance of 
d e t e r m i n i n g the r e l e v a n c e o f measurements o f p u b l i c o p i n i o n 
i s g i ven by the o p p o s i t i o n t o the s i t i n g of the r a i l l i n k s 
and t e r m i n a l s f o r t h e Channe l T u n n e l . The o p p o s i t i o n i s 
m a i n l y l o c a l and r e l a t e d t o p rob lems t h a t can be overcome. 
Such o p p o s i t i o n does no t damage the u s e f u l n e s s of r a n k i n g 
b u t r a t h e r u n d e r l i n e s the impo r tance o f a d e c i s i o n making 
a i d o r p r o c e d u r e mak ing due a l l o w a n c e f o r t he i m p a c t o f 
p u b l i c o p i n i o n . 
The c o n c e r n a b o u t u n c e r t a i n t y m e n t i o n e d i n a s p e c t 7 has 
i m p l i c a t i o n s f o r a l l aspec ts o f assess ing d e c i s i o n o p t i o n s . 
I n t h e case o f T f a c t o r s f o r n o v e l p r o j e c t s t h e r e w i l l be 
c o n s i d e r a b l e u n c e r t a i n t y about p r e d i c t i o n s o f per fo rmance 
and r e l i a b i l i t y . Only when expe r i ence f rom the comple ted 
p r o j e c t i s a v a i l a b l e w i l l i t be p o s s i b l e t o v a l i d a t e t h e 
p r e - d e c i s i o n p r e d i c t i o n s . In such cases T w i l l have been 
c a l c u l a t e d on the b a s i s o f adv i ce f rom the bes t e x p e r t s i n 
t h e f i e l d . The re i s a l w a y s an o p t i o n o f no t mak ing a 
d e c i s i o n because t h e e v i d e n c e i s i n a d e q u a t e . Bu t i f t h e 
chance o f m a k i n g p r o g r e s s i s t o be t a k e n t hen t he o n l y 
c o u r s e i s t o base t h e d e c i s i o n on e x p e r t o p i n i o n . The 
u n c e r t a i n t y i n T w i l l a l s o genera te u n c e r t a i n t y i n E and S 
o r p u t a n o t h e r way when t h e r e i s a l a c k o f good 
q u a n t i t a t i v e ev idence on wh ich to base the e v a l u a t i o n of T 
t h e u n c e r t a i n t y i n e s t i m a t i n g E a n d S w i l l be 
p r o p o r t i o n a t e l y l a r g e r . T h i s i s i n s l i g h t c o n f l i c t w i t h 
t h e a s s u m p t i o n made e a r l i e r , o f t h e f a c t o r s b e i n g 
r e c u r s i v e . I t wou ld be more p r e c i s e to say t h a t : by t a k i n g 
a c c o u n t o f t h e u n c e r t a i n t y a s s o c i a t e d w i t h T, E and S a 
d e g r e e o f n o n - r e c u r s i v e n e s s i s i n t r o d u c e d i n t o t h e i r 
c h a r a c t e r i s t i c s . C e r t a i n l y the r a n k i n g of o p t i o n s i s on ly 
as good as t h e d a t a on w h i c h i t i s b a s e d . O r d e r i n g the 
d e c i s i o n o p t i o n s a v a i l a b l e by r a n k i n g may n o t be t he o n l y 
way o f p r e s e n t i n g t h e o p t i o n s t o t he d e c i s i o n make r , b u t 
t h e method i s h o n e s t , t r a n s p a r e n t and l o g i c a l . For many 
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d e c i s i o n making s i t u a t i o n s the method shou ld a t l e a s t g i ve 
a u s e f u l r e p r e s e n t a t i o n o f the o p t i o n s a v a i l a b l e . 
I n a p p l y i n g r a n k i n g i t i s i m p o r t a n t t o a s s e s s t h e 
s i g n i f i c a n c e of the u n c e r t a i n t i e s i n the data t h a t have to 
be used. Th is i s perhaps no more than say ing t h a t , as w i t h 
any p i e c e o f a n a l y s i s , a s e n s i t i v i t y a n a l y s i s s h o u l d be 
p e r f o r m e d to d e t e r m i n e by how much assumpt ions must change 
t o make a p r o p o s i t i o n u n a c c e p t a b l e . ( 4 6 ) The d a t a 
a v a i l a b l e f o r r a n k i n g w i l l vary c o n s i d e r a b l y f rom p r o j e c t 
t o p r o j e c t . The accuracy be ing h i g h e s t when the p r o j e c t i s 
one o f a s e r i e s a b o u t w h i c h a c o m p r e h e n s i v e d o s s i e r o f 
a c c u r a t e i n f o r m a t i o n has been b u i l t up . At t he o t h e r end 
o f t h e s c a l e when a p r o j e c t i s n o v e l and u n t e s t e d t he 
u n c e r t a i n t y a s s o c i a t e d w i t h the data w i l l be c o n s i d e r a b l e . 
The d i f f i c u l t i e s a s s o c i a t e d w i t h a n o v e l p r o j e c t must be 
t a c k l e d i f p r o g r e s s i s to be made. In the t e c h n i c a l f i e l d 
some i n d u s t r i e s , l i k e the a i r c r a f t (47) and p h a r m a c e u t i c a l , 
r e g u l a t o r s l a y down d e t a i l e d t e s t i n g programmes t h a t have 
t o be f o l l o w e d t o d e t e r m i n e t h e a c c e p t a b i l i t y o f new 
p r o d u c t s . 
W i t h a n o v e l u n t e s t e d p r o j e c t , f o r w h i c h t h e r e i s no 
q u a n t i t a t i v e d a t a , assessment o f a c c e p t a b i l i t y has ,a t l e a s t 
i n i t i a l l y , to be based on data d e r i v e d f rom e x p e r t o p i n i o n . 
The u n c e r t a i n t i e s a s s o c i a t e d w i t h such a s s e s s m e n t a re 
l a r g e r when o p i n i o n s are c o l l e c t e d i n an u n s t r u c t u r e d way 
t h a n when t h e y a re c o l l e c t e d i n a c a r e f u l l y d e s i g n e d 
s t r u c t u r e d way. I n A p p e n d i x 5, some g e n e r a l r u l e s a re 
g i v e n t h a t s h o u l d be f o l l o w e d i f u n c e r t a i n t y i n d e r i v i n g 
data f rom e x p e r t o p i n i o n s i s to be m i n i m i s e d . 
I t has been s u g g e s t e d by C h i c k e n (48 ) t h a t , i n comp lex 
c a s e s whe re t h e r e a r e s e v e r a l o p t i o n s t o c o n s i d e r and an 
i d e n t i f i a b l e d e g r e e o f u n c e r t a i n t y , i t may be h e l p f u l t o 
d i s p l a y the o p t i o n s on a v a r i a t i o n o f Buck ley ' s d e c i s i o n or 
pay o f f m a t r i x . ( 4 9 ) F i g u r e 5 shows t h i s f o r m o f 
p r e s e n t a t i o n f o r a case where t h e r e are f o u r des ign o p t i o n s 
and f o u r p o s s i b l e l e v e l s o f i n v e s t m e n t . I n o t h e r words a 
m a t r i x o f s i x t e e n o p t i o n s . From the f i g u r e i t can be seen 
t h a t n ine o f the assumed o p t i o n s are accep tab le w i t h some 
a d j u s t m e n t and one o f t h e f o u r D e s i g n O p t i o n s D^ i s 
a c c e p t a b l e w i t h o u t r e s t r i c t i o n even w i t h t he min imum 
i n v e s t m e n t l e v e l I ^ . I t i s assumed t h a t the Rankings shown 
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la I , 
Note . I d e n t i f i c a t i o n of Risk Rank 
Rank 1 U n l i k e l y to be a c c e p t a b l e 
Rank 2 Only a c c e p t a b l e i f r i s k can be reduced 
Rank 3 Yes , s u b j e c t t o d e t a i l e d a d j u s t m e n t s o f t he 
p roposa l be ing made 
Rank 4 Accep tab le w i t h o u t r e s t r i c t i o n 
( T h i s f i g u r e i s d e r i v e d from F i g u r e 7 i n r e f . l 2 ) 
F i g . l Matrix D isp lay of Ranking R e s u l t s 
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i n the m a t r i x are comprehens ive Rankings t a k i n g f u l l y i n t o 
a c c o u n t a s s e s s m e n t o f T, E and S. F i g u r e 1 g i v e s the 
i m p r e s s i o n t h a t t h e r a n k i n g s a re a b s o l u t e and d e v o i d o f 
e r r o r , such an i m p r e s s i o n i s m i s l e a d i n g . Wi th each f a c t o r 
t h e r e w i l l be an a s s o c i a t e d deg ree o f u n c e r t a i n t y . Taken 
t o g e t h e r these u n c e r t a i n t i e s w i l l g i v e a range o f r a n k i n g s . 
F i g u r e 2 shows d i a g r a m m a t i c a l l y how the upper , mean and low 
l e v e l s o f r a n k i n g r e s u l t i n g f r o m t a k i n g i n t o a c c o u n t t he 
u n c e r t a i n t y a s s o c i a t e d w i t h t he d a t a t h a t have t o be used 
can be d i s p l a y e d . I n a r e a l l i f e case t h e p r o p o r t i o n o f 
u n c e r t a i n t y a s s o c i a t e d w i t h each f a c t o r may be d i f f e r e n t . 
I n t h e h y p o t h e t i c a l examp le d i s p l a y e d a t t he upper end o f 
t h e r a n g e o f d a t a a s s u m e d 6 o f t h e 9 o p t i o n s a r e 
a c c e p t a b l e w i t h o u t r e s t r i c t i o n . A t t he b o t t o m end o f t he 
r a n g e o f u n c e r t a i n t y 2 o p t i o n s a r e u n l i k e l y t o be 
a c c e p t a b l e and 7 a r e o n l y a c c e p t a b l e i f t h e y can be 
modi f i ed . 
The m a t r i x p r e s e n t a t i o n shown i n F i g u r e 1 and F igu re 2 are 
l i t t l e m o r e t h a n v i s u a l a i d s and do n o t c o n t r i b u t e 
s i g n i f i c a n t l y to the t h e o r e t i c a l a n a l y s i s o f the impor tance 
o f u n c e r t a i n t y i n t h e d a t a . A s l i g h t l y b e t t e r way o f 
a s s e s s i n g the s e n s i t i v i t y o f the Ranking i s to examine the 
consequences o f changes i n the Ranking scores of i n d i v i d u a l 
f a c t o r s . For i l l u s t r a t i o n a base case i s c o n s i d e r e d i n 
w h i c h t h e T f a c t o r i s s c o r e d 2 , t h e E f a c t o r i s s c o r e d 5 
and t h e S f a c t o r i s s c o r e d 2. Us i ng t he Rank ing Scheme, 
men t ioned e a r l i e r , the score g i ves the base case a Rank 2, 
w h i c h i s a c c e p t a b l e o n l y i f t he r i s k can be r e d u c e d . I f 
t he Ranking o f the most a d v e r s e l y Ranked f a c t o r i s g i ven a 
one rank b e t t e r R a n k i n g t h e o v e r a l l Rank ing w o u l d change 
f r om 2 t o 3, wh ich means the o v e r a l l Ranking would improve 
t o be ing a c c e p t a b l e s u b j e c t to some minor changes. I f the 
Ranking o f the most a d v e r s e l y Ranked f a c t o r i s g iven a one 
rank w o r s e R a n k i n g i t w o u l d mean t h a t t he who le p r o p o s a l 
wou ld be Ranked u n l i k e l y t o be a c c e p t a b l e . As t he re i s no 
m i d d l e or n e u t r a l Rank f a c t o r s a re Ranked e i t h e r w i t h a 
tendency to a c c e p t a b l e w i t h o u t r e s t r i c t i o n (Ranks 3 & 4) or 
w i t h a tendency to be u n l i k e l y to be accep tab le (Ranks 1 & 
2 ) . The i m p l i c a t i o n s o f e r r o r s i n d a t a on Rank ing are 
s u m m a r i z e d i n T a b l e 17. From the t a b l e i t can be seen t h a t 
an e r r o r o f one Rank may s i m p l y over emphasise the tendency 
o f w h a t w o u l d be t h e c o r r e c t R a n k i n g . An e r r o r o f two or 
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RANGE OF RANKING 






Note: Identification of Risk Rank 
Rank 1 Unlikely to be acceptable 
Rank 2 
Rank 3 
Only acceptable if risk can be reduced 
Yes, subject to detailed adjustments of the proposal 
being made 
Rank 4 Acceptable without restriction 
(This f igure is derived from Figure 7 in ref .12) 
Fig.2 Ranking Matrix Limits 
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Table 17 Summary of Implications of Errors or Uncertainty in Ranki 
ORIGINAL HIGHEST BASE RANKING FACTOR 
INCREASING ACCEPTABILITY 
ERROR IN RANKING 1 
Highest Ranked factor 
reduced by one Rank 
Highest Ranked factor 
increased by one Rank 
Not possible Becomes 
would stay unaccept-




























without Would stay 
r e s t r i c - Rank 4 
t ion 
(Rank 4) 
Highest Ranked factor 
reduced by 2 Ranks 
Highest Ranked factor 
increased by 2 Ranks 
Not possible Not possible Becomes 
Would stay Could only not 
Rank 1 become acceptable 


























Highest Ranked factor 
reduced by 3 Ranks 
Not possible Not possible Not Becomes 
Would stay Could only possible not 
Rank 1 become Could only acceptable 
Rank 1 become Would 
Rank 1 become 
Rank 1 
Highest Ranked factor 


















more Ranks d i s t o r t s the o v e r a l l Ranking to the e x t e n t t h a t 
i t g i v e s a v e r y m i s l e a d i n g i n d i c a t i o n o f a c c e p t a b i l i t y . 
The Ranking concep t assumes each Rank r e p r e s e n t s a f a i r l y 
w i d e range o f d a t a : t h e i m p l i c a t i o n b e i n g t h a t one Rank 
e r r o r i n t h e a s s e s s m e n t o f a f a c t o r i s t h e mos t t h a t has t o 
be a l l o w e d f o r . 
Some c l a i m s have been made f o r t he e f f i c a c y o f Fuzzy Data 
A n a l y s i s as a way o f d e v e l o p i n g an u n d e r s t a n d i n g o f t he 
s i g n i f i c a n c e of u n c e r t a i n t y about c o n c l u s i o n s t h a t have to 
be based on data t h a t i s complex or i l l - d e f i n e d (50) . Par t 
o f t he a t t r a c t i o n o f Fuzzy Data A n a l y s i s i s t h a t i t o f f e r s 
a way of assess ing m a t h e m a t i c a l l y a p r o p o s i t i o n expressed 
i n n a t u r a l l anguage. When t h e r e i s c o n s i d e r a b l e volume of 
d a t a t o be a n a l y s e d use can be made o f c o m p u t e r p r o g r a m s 
such as the Fuzzy Risk Analyze (FRA) (51) or MAFDA (52) . A 
g e n e r a l d e s c r i p t i o n o f t h e n a t u r e o f Fuzzy A n a l y s i s i s 
g i v e n i n Appendix 6. 
The c r i t i c a l q u e s t i o n i s how t h e n can t he a p p l i c a t i o n o f 
the p rocesses o f Fuzzy A n a l y s i s improve the assessment o f 
d e c i s i o n o p t i o n s w i t h the Ranking Technique i n s i t u a t i o n s 
when t h e a s s e s s m e n t has t o be based on q u a l i t a t i v e d a t a 
l i k e e x p e r t o p i n i o n ? 
E s s e n t i a l l y t h e d e f i n i t i o n o f Ranks c o d i f i e s q u a l i t a t i v e 
s t a t e m e n t s about a c c e p t a b i l i t y . One a p p l i c a t i o n of Fuzzy 
A n a l y s i s c o u l d be assessment o f the e x t e n t to which e x p e r t 
o p i n i o n s r e a l l y f i t a p a r t i c u l a r Rank. But i t i s no t 
i m m e d i a t e l y c l e a r what advantage Fuzzy A n a l y s i s would have 
over c o n v e n t i o n a l s t a t i s t i c a l methods. 
A v e r y i n t e r e s t i n g r e l e v a n t p u b l i s h e d d e m o n s t r a t i o n o f 
Fuzzy Se t A n a l y s i s i s t h e s t u d y by A b d u l - F a t t a h and 
A b u l f a r a j o f the a p p l i c a t i o n o f Fuzzy D e c i s i o n A n a l y s i s 
t o t h e s e l e c t i o n o f s i t e s f o r n u c l e a r power p l a n t s . 
(52) They c o n s i d e r e d seven main a t t r i b u t e s of the p o s s i b l e 
s i t e s , w h i c h w e r e : 1) t o p o g r a p h y and o c e a n o g r a p h y , 2) 
g e o l o g y , h y d r o l o g y and s e i s m o l o g y , 3) m e t e o r o l o g y , 4) 
t r a n s p o r t a t i o n , 5) p o p u l a t i o n , 6 ) C o o l i n g w a t e r and 7) 
c o n s t r u c t i o n , s e r v i c e s and domest ic w a t e r . In a d d i t i o n to 
the seven main a t t r i b u t e s t h i r t y f i v e s u b - a t t r i b u t e s were 
c o n s i d e r e d . The s i g n i f i c a n c e o f t he a t t r i b u t e s and s u b -
a t t r i b u t e s were w e i g h t e d , r a t e d and r a n k e d i n t e r m s o f 
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p r e f e r a b i 1 i t y . Then f rom the r a n k i n g o f the a t t r i b u t e s an 
o v e r a l l r a n k i n g o f p r e f e r a b i 1 i t y was deduced. The s teps i n 
t h e p r o c e s s a r e shown i n F i g u r e 3. The w e i g h t i n g s c a l e 
used r a n g e d f r o m 0 t o 1 and was r e l a t e d t o a membersh ip 
f u n c t i o n ( 0 . 0 , 0 . 0 ) was t h e l o w e s t w e i g h t i n g f o r an 
a t t r i b u t e c o n s i d e r e d very u n i m p o r t a n t . At the o t h e r end o f 
t he sca l e (1 .0 ,0 .0 ) was the h i g h e s t r a t i n g f o r an a t t r i b u t e 
c o n s i d e r e d very i m p o r t a n t . The f i n a l r a n k i n g and degree of 
p r e f e r e n c e were c a l c u l a t e d u s i n g a c o m p u t e r p rog ram 
(MAFDA). For the two s i t e s i t was shown t h a t a l t hough one 
s i t e was p r e f e r r e d the degree o f p r e f e r e n c e over the o the r 
s i t e was so s m a l l , the d e c i s i o n maker would be l e f t w i t h a 
p r o b l e m . What t h e A b d u l - F a t t a h and A b u l f a r a j s t u d y does 
show i s t h a t Fuzzy A n a l y s i s can be used t o b u i l d up a 
r a n k i n g o f a c c e p t a b i l i t y f rom a q u a l i t a t i v e d e s c r i p t i o n of 
i t s c h a r a c t e r i s t i c s . ( 5 2 ) T h i s seems an e f f e c t i v e use o f 
Fuzzy A n a l y s i s as 42 a t t r i b u t e s had to be c o n s i d e r e d , which 
makes the a n a l y s i s r e q u i r e d more complex than r e q u i r e d f o r 
a p p l i c a t i o n s o f the Ranking Technique. 
Perhaps the most u s e f u l r o l e f o r Fuzzy A n a l y s i s would be i n 
t h e a s s e s s m e n t o f a l l t h e s u b - s y s t e m s t h a t have t o be 
c o n s i d e r e d to e s t a b l i s h the ev idence on wh ich the Ranking 
can be based. P a r t i c u l a r l y s u i t a b l e occas ions be ing when 
Ranking has t o be b u i l t up us ing q u a l i t a t i v e data t h a t uses 
c o n s i s t e n t n a t u r a l l a n g u a g e t o d e s c r i b e t h e v a r i o u s 
c h a r a c t e r i s t i c s t h a t have t o be a s s e s s e d . Fuzzy a n a l y s i s 
does no t c o n v e r t an assessment based on q u a l i t a t i v e data 
i n t o an a s s e s s m e n t based on q u a n t i f i e d d a t a , i t m e r e l y 
a s s e s s e s q u a l i t a t i v e d a t a i n q u a n t i t a t i v e t e r m s . I t i s 
t h i s aspec t o f d e c i s i o n making t h a t l i m i t s the help o f some 
f o r m s o f n u m e r i c a l a n a l y s i s can g i v e . I n d e c i s i o n s t h a t 
h a v e t o be b a s e d on h a r d e v i d e n c e , s u c h as t h e 
a c c e p t a b i l i t y o f a m e d i c a l d r u g o r t h e d e s i g n o f an 
a i r l i n e r , i t i s u n l i k e l y t h a t Fuzzy A n a l y s i s o f q u a l i t a t i v e 
e v i d e n c e w o u l d be c o n s i d e r e d a c c e p t a b l e e v i d e n c e by the 
r e l e v a n t r e g u l a t o r y a u t h o r i t i e s . At t h e same t i m e i t has 
to be r e c o g n i z e d t h a t Fuzzy A n a l y s i s methods have been used 
f o r s o l v i n g d i f f i c u l t c o n t r o l p rob lems . When e v a l u a t i o n of 
e v i d e n c e or R a n k i n g i s r e q u i r e d i n s t o c h a s t i c t e r m s then 
c o n v e n t i o n a l s t a t i s t i c a l a n a l y s e s a r e l i k e l y t o be 
a d e q u a t e . The j u s t i f i c a t i o n f o r t h i s somewhat a r b i t r a r y 
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r i s k r a n k i n g i s a i m e d a t a r e t h o s e i n w h i c h each s t e p i n 
t h e d e c i s i o n m a k i n g p r o c e s s has t o be t r a n s p a r e n t and 
j u s t i f i a b l e . T h i s means t h a t t h e p r o c e s s o f b u i l d i n g up 
t h e R a n k i n g m u s t be s i m p l e and a c c u r a t e and e a s i l y 
u n d e r s t o o d by t h e l a y p u b l i c . I t does n o t mean t h a t t he 
a n a l y t i c a l p r o c e s s e s can be i n f a n t i l e b u t t h a t t h e r i g o u r 
o f t h e a n a l y s i s i s c l e a r . I t i s i n t h e d e t a i l e d 
i n v e s t i g a t i o n s necessary f o r d e t e r m i n i n g what r a n k i n g score 
i s j u s t i f i e d t h a t , as a l r e a d y m e n t i o n e d , i t may be Fuzzy 
A n a l y s i s can be used t o i d e n t i f y t h e most p r e f e r r e d d a t a . 
Such c a l c u l a t i o n s are no t r e q u i r e d t o be s u b m i t t e d as p a r t 
o f the p r e s e n t a t i o n o f the Rank ing , but may be c a l l e d i n as 
ev idence to s u b s t a n t i a t e the Rank a l l o c a t e d . 
From t h i s e x a m i n a t i o n o f t h e t h e o r e t i c a l c o n s i d e r a t i o n s 
u n d e r l y i n g the r i s k r a n k i n g seven c o n c l u s i o n s appear to be 
j u s t i f i e d . These c o n c l u s i o n s p r o v i d e a bas i s f o r a s s e s s i n g , 
i n Chapters 8 and 9, the p o s s i b l e a l t e r n a t i v e s to the r i s k 
r a n k i n g . The c o n c l u s i o n s a r e : -
1) The d e s i g n o f t h e r a n k i n g s c a l e a p p e a r s t o g i v e an 
a d e q u a t e d i s t r i b u t i o n o f t h e p o s s i b l e v i e w s on 
a c c e p t a b i 1 i t y . 
2) The method o f w e i g h t i n g and c o m b i n i n g t he T, E and S 
f a c t o r s seems a c c e p t a b l e and can be v a r i e d t o match 
the r e q u i r e m e n t s o f s p e c i a l d e c i s i o n making s i t u a t i o n s . 
3) The c r i t e r i a used f o r s c o r i n g t h e s i g n i f i c a n c e o f t he 
T, E and S f a c t o r s can be a d j u s t e d t o s u i t p a r t i c u l a r 
f a m i l i e s o f d e c i s i o n mak ing. 
4 ) The c o n c l u s i o n s f r o m r a n k i n g a r e n o t a b s o l u t e . There 
i s , by t h e v e r y n a t u r e o f t h e s u b j e c t , a degree o f 
u n c e r t a i n t y a s s o c i a t e d w i t h each s tage o f the process . 
5) I n some c a s e s t h e a p p l i c a t i o n o f c o n v e n t i o n a l 
s t a t i s t i c a l m e t h o d s o f a n a l y s i s c a n g i v e an 
u n d e r s t a n d i n g o f t h e s i g n i f i c a n c e o f t he a s s o c i a t e d 
u n c e r t a i n t i e s . 
6) A m a t r i x f o r m o f p r e s e n t a t i o n o f t h e r a n k i n g o f 
d e c i s i o n o p t i o n s can be used to g i v e the d e c i s i o n maker 
a c l e a r p i c t u r e o f t h e r a n k i n g o f t he o p t i o n s and o f 
t he i n f l u e n c e o f u n c e r t a i n t y i n the data t h a t has t o be 
used . 
7) The m e t h o d s Fuzzy Data A n a l y s i s can be used t o assess 
f a c t o r s d e s c r i b e d i n q u a l i t a t i v e t e r m s . Such methods 
a r e mos t u s e f u l when t h e d a t a i s c o l l e c t e d i n a way 
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t h a t e n s u r e s a c o n s i s t e n t p a t t e r n o f wo rds i s used t o 
d e s c r i b e the s i g n i f i c a n c e o f each f a c t o r t h a t has t o be 
c o n s i d e r e d . F u z z y A n a l y s i s does n o t c o n v e r t an 
assessment based on q u a l i t a t i v e data i n t o one based on 
q u a n t i f i e d d a t a , i f mere ly assesses q u a l i t a t i v e data in 
q u a n t i f i e d t e r m s . 
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CHAPTER 4 
Problems of A s s e s s i n g the Techn ica l Aspects of Risk 
E v a l u a t i o n of the o v e r a l l a c c e p t a b i l i t y o f a major p r o j e c t 
r e q u i r e s t h e i n t e g r a t i o n o f a s s e s s m e n t s o f a l l t h e 
t e c h n i c a l , economic and s o c i o - p o l i t i c a l f a c t o r s i n v o l v e d . 
For a ma jo r p r o j e c t e v a l u a t i o n o f a c c e p t a b i l i t y i n terms of 
each f a c t o r i s a c o n s i d e r a b l e t a s k . I n t h i s C h a p t e r t he 
p rob lem o f assess i ng the t e c h n i c a l aspects o f a p r o j e c t are 
c o n s i d e r e d . The d e s c r i p t i o n g i v e n i n C h a p t e r 1 o f t he 
Channel C r o s s i n g p r o j e c t showed someth ing of the na tu re and 
m a g n i t u d e o f t h e t e c h n i c a l p r o b l e m s t h a t have t o be 
c o n s i d e r e d i n m a k i n g d e c i s i o n s a b o u t m a j o r p r o j e c t s . 
A l t h o u g h t h e Channe l T u n n e l i s a m a j o r p r o j e c t t h a t i s 
t e c h n i c a l l y q u i t e comp lex , o t h e r p r o j e c t s may be even more 
comp lex . I n the d i s c u s s i o n t h a t f o l l o w s a t t e n t i o n i s g iven 
t o i d e n t i f y i n g how t h e a c c e p t a b i l i t y o f t he t e c h n i c a l 
f e a t u r e s o f p r o j e c t s can be a s s e s s e d i n a c o n s i s t e n t and 
c o h e r e n t way , p a r t i c u l a r a t t e n t i o n b e i n g g i v e n t o t he 
p rob lem o f e v a l u a t i n g the a c c e p t a b i l i t y o f novel p r o j e c t s . 
F i n a n c e f o r n o v e l p r o j e c t s may be d i f f i c u l t t o o b t a i n , 
s i m p l y because the magn i tude of the t e c h n i c a l r i s k s are not 
q u a n t i f i ed . 
T e c h n i c a l f a c t o r s may c o n s i s t o f a network of i n t e r a c t i n g 
components . A n a l y s i s o f such ne tworks i s d i f f i c u l t but not 
i m p o s s i b l e . Techn iques have been proposed f o r a n a l y s i s o f 
m u 1 t i - v a r i a b l e systems and these are d i scussed in Chapter 7 
( 5 3 ) . The p r o b l e m i s made more d i f f i c u l t w i t h nove l 
p r o j e c t s , p a r t i c u l a r l y when t h e v a r i a b l e s a r e o n l y 
d e s c r i b e d i n q u a l i t a t i v e t e r m s . When t h e r e i s a comple te 
l a c k o f d a t a t h e m o s t t h a t can be hoped f o r i s t h e 
d e v e l o p m e n t o f a v e c t o r g i v i n g an i n d i c a t i o n o f t h e 
d i r e c t i o n and s i g n i f i c a n c e of the f a c t o r s and the magni tude 
o f t h e u n c e r t a i n t y t h a t can be a s s o c i a t e d w i t h t hem. In 
c o n t e m p l a t i n g m o d e l l i n g t e c h n i c a l f a c t o r s or any o t h e r 
f a c t o r s i t mus t be r e m e m b e r e d , as F r e n c h has so c l e a r l y 
s t a t e d , t h a t i f a n a l y s i s i s t o h e l p d e c i s i o n makers i t must 
be u n d e r s t a n d a b l e by them. (54) . 
When t h e r e a re no ha rd q u a n t i t a t i v e d a t a on w h i c h t o base a 
d e c i s i o n r e c o u r s e has t o be made t o t h e q u a l i t a t i v e 
o p i n i o n s o f e x p e r t s . T h i s p r o b l e m i s n o t u n i q u e t o 
63 
t e c h n i c a l f a c t o r s i t a l s o a p p l i e s , perhaps w i t h even more 
f o r c e , t o economic and s o c i o - p o l i t i c a l f a c t o r s . So to se t 
t h e scene f o r t h e d i s c u s s i o n t h a t f o l l o w s i n t h i s and t h e 
n e x t t w o c h a p t e r s t h e p r o c e s s o f o b t a i n i n g d a t a f r o m 
e x p e r t s i s c o n s i d e r e d . W i th hard q u a n t i t a t i v e data u s u a l l y 
some i n d i c a t i o n can be o b t a i n e d o f t h e u n c e r t a i n t y 
a s s o c i a t e d w i t h the da ta . Wi th q u a l i t a t i v e data ob ta ined 
f r o m e x p e r t s , wh i ch may be no more than an i n f o r m e d guess, 
t h e u n c e r t a i n t y may be c o n s i d e r a b l e . The e r r o r s w i l l be 
g r e a t e r i f t h e o p i n i o n s a re c o l l e c t e d i n an u n s t r u c t u r e d 
way t h a n i f t h e y a r e c o l l e c t e d i n a s t r u c t u r e d way. I f 
s e v e r a l e x p e r t s are c o n s u l t e d i n a s t r u c t u r e d way i t i s a t 
l e a s t p o s s i b l e t o e s t a b l i s h t h e d i s t r i b u t i o n o f t h e i r 
o p i n i o n s . As ment ioned i n Chapter 3 some genera l r u l e s f o r 
d e r i v i n g data f rom e x p e r t o p i n i o n s i s g i ven i n Appendix 5. 
S e l e c t i n g e x p e r t s i s a p r o b l e m i n i t s own r i g h t . The 
p r o c e d u r e t he W o r l d Bank s u g g e s t s s h o u l d be used are 
d e t a i l e d i n A p p e n d i x 7. The p r o c e d u r e i s p a r t i c u l a r l y 
r e l e v a n t t o t h i s s t u d y as t h e y r a n k a c o n s u l t a n t ' s 
s u i t a b i l i t y on t h e b a s i s o f t h r e e f a c t o r s w h i c h a r e : - a 
f i r m ' s g e n e r a l e x p e r i e n c e , t h e i r work p l a n and t h e i r key 
p e r s o n n e l . The i m p o r t a n c e o f each of the t h r e e f a c t o r s i s 
w e i g h t e d . The t y p i c a l e x a m p l e s o f t h e Bank 's w e i g h t i n g 
a r e : - a f i r m ' s e x p e r i e n c e 0 . 1 5 , t he work p l a n i s 0.33 and 
the t y p i c a l w e i g h t i n g of key personne l i s 0.5. Th is means 
t h a t pe rsonne l are r a t e d 3 1/3 t i m e s more i m p o r t a n t than a 
f i r m ' s e x p e r i e n c e . The v a l i d i t y o f w e i g h t i n g i s of course 
open f o r d i s c u s s i o n , b u t t h e a s s e s s o r mus t be p r e p a r e d t o 
j u s t i f y the w e i g h t i n g s adopted. 
H a v i n g s e t t h e scene f o r d i s c u s s i o n a b o u t t h e p r o b l e m s o f 
a s s e s s i n g t e c h n i c a l f a c t o r s , by d e s c r i b i n g the p r e c a u t i o n s 
t h a t mus t be t a k e n when c o n s u l t i n g e x p e r t s , t he more 
g e n e r a l p r o b l e m s o f a s s e s s i n g t e c h n i c a l f a c t o r s can be 
d i s c u s s e d . I t has to be recogn i zed t h a t the unde rs tand ing 
o f t h e s i g n i f i c a n c e o f a f a c t o r , no m a t t e r w h e t h e r i t i s 
t e c h n i c a l , e c o n o m i c or s o c i o - p o l i t i c a l , may be q u i t e 
d i f f e r e n t a t t h e b e g i n n i n g o f a p r o j e c t t o t h e 
u n d e r s t a n d i n g o f i t s s i g n i f i c a n c e a t t h e end o f t h e 
p r o j e c t . T h i s p o i n t i s i l l u s t r a t e d d i a g r a m m a t i c a l l y i n 
F i g u r e 4. G e n e r a l l y judgements about the s i g n i f i c a n c e of 
f a c t o r s have t o be r e f i n e d i t e r a t i v e l y as a p r o j e c t 
d e v e l o p s . T h i s i s p a r t i c u l a r l y t r u e when a p r o j e c t i s 
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STEP 1 CONCEPT OF 
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abandon p r o j e c t 
STEP 2 PROJECT 
ASSESSMENT 
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OF ALL ISSUES 
INVOLVED 
D e c i s i o n 
t o p r o c e e d 
D e c i s i o n t o 
abandon p r o j e c t 





D e c i s i o n 
t o p r o c e e d 
D e c i s i o n t o 
abandon p r o j e c t 




Dec i s i on 
t o p r o c e e d 
D e c i s i o n t o 
abandon p r o j e c t 
STEP 5 OPERATION 
STARTS 
Dec i S I on 
t o p r o c e e d 
7 [ 
D e c i s i o n t o 
abandon p r o j e c t 
J u s t i f i c a t o n o f c o n c e p t u a l 
p r o p o s a l a p e r c e i v e d n e e d . 
W i t h i n t h e l i m i t s o f 
i n f o r m a t i o n a v a i l a b l e a b o u t 
t e c h n i c a l , e c o n o m i c a n d 
s o c i o - p o l i t i c a l f a c t o r s 
a s s e s s w h e t h e r o r n o t t h e 
p r o j e c t i s l i k e l y t o be w o r t h 
more d e t a i l e d a s s e s s m e n t . 
P r e l i m i n a r y a s s e s s m e n t shows 
p r o j e c t l i k e l y t o be 
a c c e p t a b l e i n t e c h n i c a l , 
e c o n o m i c and s o c i o - p o l i t i c a l 
t e r m s . So p r e p a r a t i o n o f 
d e t a i l e d s p e c i f i c a t i o n 
j u s t i f i e d . 
T e n d e r e r a p p e a r s t o be 
c a p a b l e o f s a t i s f y i n g 
s p e c i f i c a t i o n , as he has 
r e l e v a n t e x p e r i e n c e , 
c a p a b i 1 i t y and i s f i n a n c i a l l y 
s o u n d . 
O p e r a t i o n a p p e a r s t o s a t i s f y 
c r i t e r i a l a i d down i n 
s p e c i f i c a t i o n . 
F i g . 4 E s s e n t i a l S t e p s i n t h e P r o c e s s o f Mak ing A M a j o r 
D e c i s i o n . 
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n o v e l a n d t h e r e a r e f e w o r no r e l e v a n t d a t a on w h i c h t o 
b a s e j u d g e m e n t s . A t e a c h d e c i s i o n s t a g e t h e a d e q u a c y o f 
t h e d e v e l o p m e n t o f t h e j u s t i f i c a t i o n o f a c c e p t a b i l i t y has 
t o be a s s e s s e d . D e t e r m i n a t i o n o f t h e o v e r a l l a c c e p t a b i l i t y 
o f a m a j o r p r o j e c t s u c h as a p o w e r p l a n t o r a new a e r o p l a n e 
r e q u i r e s t h e c o l l e c t i o n and e v a l u a t i o n o f an e n o r m o u s 
a m o u n t o f e v i d e n c e and t h e i n t e g r a t i o n o f a n a l y s e s o f many 
s u b s y s t e m s . A t each s t a g e o f a p r o j e c t a t t e n t i o n has t o be 
f o c u s e d on d i f f e r e n t a s p e c t s o f t h e d e c i s i o n and o f t e n 
d i f f e r e n t p e o p l e a r e i n v o l v e d w i t h j u s t i f y i n g and j u d g i n g 
a c c e p t a b i 1 i t y . 
T h i s c h a r a c t e r i s t i c m e t a m o r p h o s i s i n t h e p a t t e r n o f a c t i o n s 
i n v o l v e d i n d e c i s i o n m a k i n g has been r e c o g n i z e d by o t h e r s . 
Rosenhead has r e c o g n i z e d t h e p r o b l e m s i n h i s e x a m i n a t i o n o f 
t h e p r i n c i p l e s a n d p r o s p e c t s f o r p r o b l e m s t r u c t u r i n g 
m e t h o d s . ( 5 5 ) C h e c k 1 a n d ' s s o f t s y s t e m m e t h o d o l o g y i s an 
a d a p t i v e f o r m o f e n q u i r y t h a t c o u l d be a p p l i e d t o h e l p i n g 
t o u n d e r s t a n d how t h e e v a l u a t i o n p r o c e s s a s s o c i a t e d w i t h a 
p r o j e c t i s l i k e l y t o d e v e l o p . ( 5 6 ) ( 5 7 ) I n g e n e r a l R i s k 
R a n k i n g i s more a k i n t o h a r d s y s t e m e n g i n e e r i n g a s s e s s m e n t 
w i t h e a c h f a c t o r q u a n t i f i e d and t h e u n d e r s t a n d i n g o f t h e 
s y s t e m b e i n g i t e r a t i v e l y r e f i n e d as k n o w l e d g e d e v e l o p s . 
N e v e r t h e l e s s R i s k R a n k i n g c a n be a d a p t e d t o d e a l w i t h t h e 
q u a l i t a t i v e s t a t e m e n t s o f e x p e r t o p i n i o n . I t i s a l s o 
p o s s i b l e t h a t a f o r m o f E d e n ' s c o g n i t i v e m a p p i n g f o r 
s t r a t e g i c o p t i o n s d e v e l o p m e n t and a n a l y s i s (SODA) c o u l d 
h e l p d e f i n e t h e c h a n g i n g r o l e o f an e x p e r t i n t h e p r o c e s s 
o f b u i l d i n g up an a s s e s s m e n t o f t h e s i g n i f i c a n c e o f a 
f a c t o r . ( 5 8 ) 
One i m p o r t a n t f e a t u r e t h a t has t o be i n c l u d e d i n t h e 
j u s t i f i c a t i o n o f t h e t e c h n i c a l a c c e p t a b i l i t y o f a p r o p o s a l 
f o r a m a j o r p r o j e c t i s a d e m o n s t r a t i o n t h a t a p r o p o s a l i s 
l i k e l y t o s a t i s f y a l l r e l e v a n t : r e g u l a t o r y , l e g a l , 
i n s u r a n c e , p l a n n i n g a n d e n v i r o n m e n t a l r e q u i r e m e n t s . I n 
c a s e s w h e r e p l a n n i n g and e n v i r o n m e n t a l r e q u i r e m e n t s have t o 
be s a t i s f i e d i t may have t o be d e m o n s t r a t e d t h a t t h e d e s i g n 
s a t i s f i e s a e s t h e t i c r e q u i r e m e n t s and t h a t a l l p o s s i b l e 
d i s c h a r g e s o f p o t e n t i a l l y h a z a r d o u s m a t e r i a l s w i l l be 
w i t h i n s p e c i f i c l i m i t s . I t m u s t a l s o be r e c o g n i s e d t h a t 
d u r i n g t h e l i f e o f a p r o j e c t t h e u n d e r s t a n d i n g o f t h e r i s k s 
i n v o l v e d a n d t h e r e g u l a t o r y r e q u i r e m e n t s may c h a n g e . A 
r a t h e r d r a m a t i c e x a m p l e o f t h e way u n d e r s t a n d i n g o f t h e 
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s i g n i f i c a n c e o f h a z a r d s may c h a n g e i s g i v e n by t h e 
r e c o g n i t i o n o f t h e h a z a r d s a s s o c i a t e d w i t h a s b e s t o s . For 
many y e a r s a v a r i e t y o f p r o d u c t s w e r e made u t i l i s i n g t h e 
t h e r m a l i n s u l a t i o n p r o p e r t i e s o f a s b e s t o s . T h e n i t was 
r e c o g n i s e d t h a t e x p o s u r e t o c e r t a i n t y p e s o f a s b e s t o s c o u l d 
l e a d t o t h o s e e x p o s e d d e v e l o p i n g c a n c e r . As a r e s u l t o f 
t h i s new u n d e r s t a n d i n g many c l a i m s f o r c o m p e n s a t i o n we re 
made a g a i n s t m a n u f a c t u r e r s o f a s b e s t o s p r o d u c t s . I t has 
been r e p o r t e d t h a t a m a j o r m a n u f a c t u r e r o f such p r o d u c t s , 
i n t h e USA, c o n s i d e r e d d e c l a r i n g i t s e l f b a n k r u p t t o a v o i d 
such c l a i m s . ( 5 9 ) 
P r o v i n g r e g u l a t o r y c r i t e r i a a r e p r o p e r l y s a t i s f i e d c a n 
c a u s e d e l a y s i n c o m p l e t i o n o f a p r o j e c t and r e s u l t i n 
a d d i t i o n a l e x p e n s e . T h i s s u g g e s t s t h a t t h e mos t e f f e c t i v e 
c r i t e r i a f o r r a n k i n g t h e a c c e p t a b i l i t y o f t e c h n i c a l a s p e c t s 
o f a p r o p o s a l a r e l i k e l y t o be t h o s e t h a t r e l a t e i n d e t a i l 
t o t h e t e c h n i c a l s p e c i f i c a t i o n t h a t t h e p a r t i c u l a r p r o p o s a l 
has t o s a t i s f y . 
I f t e c h n i c a l r e q u i r e m e n t s a r e o n l y s p e c i f i e d i n q u a l i t a t i v e 
t e r m s t w o m a i n t y p e s o f p r o b l e m a r e g e n e r a t e d , t h e y a r e : 
1) The p r o p o s e r does n o t have a p r e c i s e l y d e f i n e d n u m e r i c a l 
r e q u i r e m e n t t o s a t i s f y . 2 ) When t h e r e i s no q u a n t i t a t i v e 
t a r g e t t o s a t i s f y , p r o o f t h a t a p r o p o s a l i s a c c e p t a b l e i s a 
m a t t e r o f j u d g e m e n t . I t t h e r e f o r e f o l l o w s t h a t t h e r e may 
be d i f f i c u l t y i n p r o v i n g t h a t a l l t h a t i s r e a s o n a b l y 
p r a c t i c a b l e has b e e n d o n e t o make t h e p l a n t o r e q u i p m e n t 
a c c e p t a b l e . 
The p r o b l e m s i n v o l v e d i n d e c i d i n g w h a t i s a c c e p t a b l e a r e 
c o n s i d e r a b l y e a s i e r t o s o l v e w h e n t h e n a t u r e o f a n y 
i n t r i n s i c r i s k i s k n o w n c o m p l e t e l y . H o w e v e r , i n r e a l i t y 
n o v e l p r o j e c t s g e n e r a l l y b r i n g i n t h e i r t r a i n new r i s k s 
t h a t may n o t be f u l l y u n d e r s t o o d , so some way o f j u d g i n g 
t h e i r a c c e p t a b i l i t y has t o be i d e n t i f i e d . I t may be t h a t 
f o r such c a s e s an e l e m e n t o f q u a l i t a t i v e j u d g e m e n t mus t be 
r e t a i n e d i n t h e c r i t e r i a o r e l s e i t has t o be a c c e p t e d t h a t 
j u s t i f i c a t i o n may have t o be s u b s t a n t i a t e d by a s p e c i a l l y 
d e s i g n e d r e s e a r c h a n d d e v e l o p m e n t p r o g r a m m e . I t b e i n g 
a c c e p t e d t h a t t h e r e s u l t s o f r e s e a r c h may show t h a t i t 
w o u l d be i m p r a c t i c a l t o c o m p l e t e t h e p r o j e c t . O b v i o u s 
e x a m p l e s o f t h i s a p p r o a c h a r e t h e p r o t o t y p e t e s t i n g o f new 
d e s i g n s o f a e r o p l a n e s a n d m o t o r c a r s and t e s t i n g t h e 
67 
e f f i c a c y o f new m e d i c a l d r u g s . 
I f a p r o p o s a l i n v o l v e s p u b l i c d e m o n s t r a t i o n o f 
a c c e p t a b i l i t y , q u a n t i t a t i v e e v i d e n c e a b o u t t h e t e c h n i c a l 
n a t u r e and l e v e l o f r i s k i n v o l v e d w i l l g i v e c o n f i d e n c e t h a t 
a t l e a s t t h e r i s k i s u n d e r s t o o d . When such e v i d e n c e i s n o t 
a v a i l a b l e t h e i m p r e s s i o n w i l l t e n d t o be g i v e n t h a t t h e 
p r o p o s e r does n o t p r o p e r l y u n d e r s t a n d t h e i m p l i c a t i o n s o f 
h i s s u b m i s s i o n . S i m p l y e x p r e s s i n g t h e r i s k i n t e r m s l i k e 
t h e p r o b a b i l i t y o f f a i l u r e i s l o w d o e s n o t h e l p . F o r a 
q u a n t i t a t i v e s t a t e m e n t t o be a c c e p t a b l e t h e d a t a used mus t 
be p r o v e d t o be r e l e v a n t a n d d e g r e e o f u n c e r t a i n t y 
a s s o c i a t e d w i t h i t s t a t e d . A q u a n t i t a t i v e s t a t e m e n t based 
on a p p r o p r i a t e r e l i a b l e d a t a i s o f m o r e h e l p t o t h e 
d e c i s i o n make r t h a n a q u a l i t a t i v e s t a t e m e n t t h a t g i v e s no 
i n d i c a t i o n o f t h e p o s s i b l e v a r i a t i o n t h a t may be e x p e c t e d 
i n t h e m a g n i t u d e o f t h e r i s k . I t i s t h e r e f o r e l o g i c a l t o 
a i m t o h a v e c o m p l i a n c e w i t h t e c h n i c a l r i s k a c c e p t a b i l i t y 
c r i t e r i a s u b s t a n t i a t e d i n q u a n t i t a t i v e t e r m s . T h i s l e a d s 
t o t h e q u e s t i o n o f : i n w h a t u n i t s s h o u l d t e c h n i c a l r i s k s be 
d i s c u s s e d a n d i n w h a t u n i t s s h o u l d r a n k i n g c r i t e r i a be 
d e f i n e d . 
T h e r e a r e s e v e r a l u n i t s t h a t c o u l d be u s e d , m o s t o b v i o u s 
c a n d i d a t e s a r e t i m e t o f a i l u r e a n d f a t a l i t i e s , as t h e s e 
i n d i c a t e i n a v e r y d i r e c t way t h e u l t i m a t e l i f e a n d 
p o s s i b l e harm t h a t c o u l d r e s u l t . An a l t e r n a t i v e w o u l d be 
t o d e f i n e t h e r i s k i n money t e r m s , w h i c h i s v e r y much t h e 
a p p r o a c h o f an i n s u r a n c e u n d e r w r i t e r . I t i s a p p r e c i a t e d 
f o r many a p p l i c a t i o n s money may be t h e a p p r o p r i a t e u n i t . 
H o w e v e r , d e f i n i n g t h e t e c h n i c a l a s p e c t s o f r i s k i n money 
t e r m s may c o n f l i c t o r d u p l i c a t e t h e e c o n o m i c a s s e s s m e n t o f 
a p r o p o s a l . E q u a l l y , even d e s c r i b i n g a r i s k s i m p l y i n t e r m s 
o f t h e n u m b e r o f f a t a l i t i e s i s a m b i g u o u s , as i t w o u l d n o t 
i n c l u d e a l l o w a n c e f o r n o n - f a t a l c a s u a l t i e s and may n o t 
i n c l u d e d e l a y e d f a t a l i t i e s o r g i v e a c l e a r i n d i c a t i o n o f 
d i r e c t a n d i n d i r e c t m a t e r i a l d a m a g e . P e r h a p s t h e m o s t 
i m p o r t a n t c h a r a c t e r i s t i c s r e q u i r e d o f c r i t e r i a f o r 
a s s e s s i n g a c c e p t a b i l i t y o f t e c h n i c a l f a c t o r s a r e t h a t t h e y 
s h o u l d be e a s i l y u n d e r s t a n d a b l e , i n t e r p r e t a b l e a n d 
a c c e p t e d . T h i s may s o u n d t r i t e b u t i t i s f u n d a m e n t a l , 
b e c a u s e u n l e s s e v e r y o n e i n v o l v e d i n a s s e s s i n g t h e 
a c c e p t a b i l i t y o f t h e r i s k can u n d e r s t a n d and a g r e e w i t h t h e 
m e a n i n g o f t h e c r i t e r i a t h e r e w i l l be no g e n e r a l c o n f i d e n c e 
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i n t h e a d e q u a c y o f t h e c r i t e r i a . C r i t e r i a a r e l i k e l y t o 
h a v e c l e a r l y d e f i n e d l i m i t s o f a p p l i c a t i o n , f o r e x a m p l e : 
c r i t e r i a a i m e d a t e n s u r i n g t h e r i s k s a s s o c i a t e d w i t h 
c h e m i c a l p l a n t s a r e a c c e p t a b l e may a p p l y t o a l l c h e m i c a l 
p l a n t s o r o n l y t o t h o s e m a n u f a c t u r i n g some p a r t i c u l a r 
c h e m i c a l . S i m i l a r l y i f c r i t e r i a w e r e i n t e n d e d f o r 
u n i v e r s a l a p p l i c a t i o n s i t w o u l d i m p l y a c c e p t a n c e o f t h e 
same l e v e l o f r i s k r e g a r d l e s s o f t h e a c t i v i t y c o n s i d e r e d . 
S u c h u n i f o r m i t y i n d e c i s i o n m a k i n g w o u l d be f a r r e m o v e d 
f r o m t h e c u r r e n t p a t t e r n o f l i f e . F r o m t h e o v e r a l l 
c r i t e r i a p a r t i a l c r i t e r i a can be d e r i v e d . P a r t i a l c r i t e r i a 
b e i n g t h e c r i t e r i a t h a t t h e v a r i o u s s u b s y s t e m s o f a 
p r o p o s a l h a v e t o s a t i s f y . The m o r e c o m p l e x t h e p r o p o s a l 
t h e more p a r t s t h e o v e r a l l c r i t e r i a w i l l have t o be d i v i d e d 
i n t o . The i m p o r t a n t c o n d i t i o n t h a t m u s t be s a t i s f i e d i s 
t h a t t h e i n t e g r a t e d r i s k f r o m a l l t h e s u b s y s t e m s o f t h e 
p r o p o s a l m u s t s t i l l s a t i s f y t h e o v e r a l l c r i t e r i a . T h i s 
means t h a t t h e c r i t e r i a t h a t i n d i v i d u a l s u b s y s t e m s have t o 
s a t i s f y a r e l i k e l y t o be more s t r i n g e n t t h a n f o r t h e s y s t e m 
as a w h o l e . 
The d i s c u s s i o n so f a r has d e a l t e s s e n t i a l l y w i t h t h e 
a c c e p t a b i l i t y o f t h e r i s k s t h a t a r e an i n t r i n s i c p a r t o f 
t h e h a r d w a r e t h a t i s t h e s u b j e c t o f t h e p r o p o s a l . I n t h i s 
c a s e t h e t e r m h a r d w a r e i s u s e d i n a v e r y l o o s e s e n s e t o 
c o v e r n o t o n l y a l l t h e e n g i n e e r i n g s y s t e m s and c o m p o n e n t s 
i n v o l v e d b u t a l s o a l l t h e human s y s t e m s i n v o l v e d . J u d g i n g 
t h e a c c e p t a b i l i t y o f t h e h a r d w a r e i s q u i t e s e p a r a t e t o 
j u d g i n g t h e c a p a b i l i t y and e x p e r i e n c e o f a p r o p o s e r , b u t 
u l t i m a t e l y t h e t w o t y p e s o f j u d g e m e n t have t o be c o m b i n e d . 
As a l r e a d y m e n t i o n e d j u d g i n g t h e c a p a b i l i t y and e x p e r i e n c e 
o f a p r o p o s e r i s n o t a s i m p l e p r o c e s s . The a e r o s p a c e 
i n d u s t r y i s one i n d u s t r y w h i c h i l l u s t r a t e s w e l l t h e n a t u r e 
o f t h e r i s k s w i t h m a j o r p r o j e c t s . I t i s one i n d u s t r y i n 
w h i c h t h e r e h a v e b e e n some r e m a r k a b l e s u c c e s s e s and a l s o 
some d a m a g i n g f a i l u r e s . The f a i l u r e s h a v e i n c l u d e d t h e 
C o m e t a i r l i n e r , a i r s h i p s a n d t h e T R S 2 . T h e w a y t h e 
L o c k h e e d C o r p o r a t i o n d e a l s w i t h new n o v e l p r o j e c t s 
i n d i c a t e s some o f t h e i m p o r t a n t c h a r a c t e r i s t i c s t h a t a 
c a p a b l e and e x p e r i e n c e d p r o p o s e r w o u l d be e x p e c t e d t o 
e x h i b i t . 
I n 1 9 4 3 L o c k h e e d f o r m e d a u n i t c a l l e d t h e Skunk W o r k s , t o 
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c o n c e n t r a t e on d e v e l o p i n g new a i r c r a f t . ( 6 0 ) T h i s was 
c o n c e i v e d as a s m a l l s p e c i a l i s t u n i t o p e r a t i n g a l m o s t 
s e p a r a t e l y f r o m t h e m a i n c o m p a n y b u t a b l e t o c a l l on t h e 
s e r v i c e s o f t h e p a r e n t company . T a b l e 18 s u m m a r i z e s some 
o f t h e i m p o r t a n t p r o j e c t s t h e S k u n k W o r k s h a s b e e n 
r e s p o n s i b l e f o r , 
K e l l y J o h n s o n , t h e man r e s p o n s i b l e f o r t h e S k u n k W o r k s 
p o s t u l a t e d f o u r t e e n r u l e s f o r t h e e f f e c t i v e management o f 
n o v e l p r o j e c t s . ( 6 0 ) F i v e o f t h e r u l e s c a n be s l i g h t l y 
p a r a p h r a s e d so t h a t t h e y d e s c r i b e t e s t s t h a t can be a p p l i e d 
t o a s s e s s t h e l i k e l y e f f e c t i v e n e s s o f any p r o j e c t p r o p o s a l 
i m p l e m e n t a t i o n t e a m . The f i v e t e s t s a r e : -
1 ) T h e h e a d o f t h e p r o j e c t m u s t h a v e c o n t r o l a n d 
r e s p o n s i b i l i t y f o r b u d g e t , p r o c u r e m e n t , e n g i n e e r i n g , 
m a n u f a c t u r i n g and s e c u r i t y . 
2 ) The number o f p e o p l e i n v o l v e d w i t h t h e p r o j e c t mus t be 
k e p t t o t h e b a r e m i n i m u m . 
3 ) R e c o r d s m u s t be c a r e f u l l y k e p t b u t p a p e r w o r k k e p t t o a 
mi n imum. 
4 ) T h e r e m u s t be m o n t h l y c o s t r e v i e w s o f f u n d s s p e n t , 
c o m m i t t e d and e x p e c t e d t o be s p e n t i n t h e f u t u r e . 
5 ) D e t a i l e d i n s p e c t i o n and q u a l i t y c o n t r o l p r o c e d u r e s 
m u s t be i n s t i t u t e d and k e p t t o . 
I n t h e e x a m p l e o f t h e C h a n n e l T u n n e l , d e s c r i b e d i n C h a p t e r 
1 , a v e r y s i m p l e v i e w was t a k e n o f t h e f o r m t h a t c r i t e r i a 
f o r r a n k i n g t e c h n i c a l f a c t o r s c o u l d t a k e , i t d i d n o t 
i n c l u d e any a l l o w a n c e f o r t h e e x p e r i e n c e o r c a p a b i l i t y o f 
t h e p r o p o s e r . From t h e above i t can be seen t h a t a s s e s s m e n t 
o f t h e t e c h n i c a l f a c t o r s s h o u l d i n c l u d e a s s e s s m e n t s o f b o t h 
t h e t e c h n i c a l h a r d w a r e and t h e p r o p o s e r ' s c a p a b i l i t y and 
e x p e r i e n c e , have t o be c o m b i n e d . Such c o m b i n a t i o n o f h a r d 
a n d s o f t a s s e s s m e n t s i s s u r r o u n d e d by many p r o b l e m s , b u t 
t h e t e m p t a t i o n t o l e a v e t h e t w o t y p e s o f a r g u m e n t s e p a r a t e 
m u s t b e r e s i s t e d . ( 6 1 ) 
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TABLE 18 Some important p r o j e c t s the Skunk Works has 
been responsible for 
PROJECT DESCRIPTION MAIN PARAMETERS COMMERCIAL 
CONSEQUENCES 
P-80 The w o r l d ' s f i r s t Prototype completed in 9000 a i r c r a f t 
Shoot ing opera t iona l j e t 143 days, 37 days b u i l t 
S tar f i g h t e r under schedule 
F i g h t e r 
Saturn Twin engined 2 prototypes Priced out 
Low Cost h igh wing b u i l t of market by 
Passenger a i r l i n e r war surplus 
Aeroplane Douglas C-47 
XFV-1 Experimental Dual t u rb ine Navy 
v e r t i c a l j e t prop c o n t r o - r o t a t i n g cancel led 
take o f f v e r t i c a l p rope l l e r s p ro j ec t 
aeroplane take o f f 
aeroplane 
F104 F i r s t opera t iona l 2 prototypes 2500 a i r c r a f t 
S t a r f i g h t e r f i g h t e r capable b u i l t i n b u i l t 
Mach 2 o f susta ined 1 year 
f i g h t e r opera t ion a t 
Mach 2 
C-130 M i l i t a r y Prototypes 2000 a i r c r a f t 
Hercules Transpor t b u i l t b u i l t 
T ranspor t plane 
Plane 
B lackb i rd Capable of f l y i n g Several A major 
Reconn- at Mach 3 and vers ions technolog ica l 
aissance 80,000 f t . b u i l t advance 
aeroplane Very low radar 
cross sec t ion 
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I t i s s u g g e s t e d t h a t a c o m p r e h e n s i v e a s s e s s m e n t o f t h e 
a c c e p t a b i l i t y o f t h e t e c h n i c a l r i s k s o f a p r o j e c t c o u l d be 
b u i l t up i n t h e way s h o w n i n T a b l e 19 w i t h t h e h i g h e s t 
R a n k i n g s c o r e o f t h e f o u r f e a t u r e s c o n s i d e r e d d e t e r m i n i n g 
t h e R a n k i n g f o r t h e t e c h n i c a l f a c t o r as a w h o l e . The 
s c o r i n g s c a l e a g r e e s w i t h t h e s c o r e / a c c e p t a b i l i t y 
r e l a t i o n s h i p u s e d i n C h a p t e r 1 and d e s c r i b e d i n T a b l e s 2 
and 4 , b u t i s new t o t h e e x t e n t t h a t i t i n t r o d u c e s c r i t e r i a 
f o r b o t h t e c h n i c a l h a r d w a r e and p r o p o s e r s c a p a b i l i t y and 
e x p e r i e n c e . F o r s p e c i f i c d e c i s i o n m a k i n g p u r p o s e s i t may 
be a p p r o p r i a t e t o s i m p l y q u a n t i f y t h e r e l a t i o n s h i p b e t w e e n 
R a n k i n g a n d t h e t e c h n i c a l f a c t o r s , t h e p r o b a b i l i t y o f 
f a i l u r e and t h e c o n s e q u e n c e o f f a i l u r e . An i n d i c a t i o n o f 
how q u a n t i t a t i v e s t a t e m e n t s a b o u t t h e p r o b a b i l i t y o f 
f a i l u r e a n d t h e c o n s e q u e n c e s o f f a i l u r e c a n be r e l a t e d t o 
q u a l i t a t i v e s t a t e m e n t s a b o u t a c c e p t a b i l i t y i s g i v e n by t h e 
way r e q u i r e m e n t s f o r a c c e p t a b i l i t y a r e d e s c r i b e d f o r C i v i l 
a i r c r a f t . F i g u r e 5 s h o w s how t h e A i r w o r t h i n e s s 
A u t h o r i t i e s S t e e r i n g C o m m i t t e e e x p r e s s e d t h e r e l a t i o n s h i p 
b e t w e e n q u a n t i t a t i v e and q u a l i t a t i v e s t a t e m e n t s a b o u t 
a c c e p t a b i l i t y i n t h e J o i n t A i r w o r t h i n e s s R e q u i r e m e n t s . 
( 6 1 ) ( 6 2 ) T h i s i s a more r e c e n t v e r s i o n t h a n t h a t p r e s e n t e d 
as F i g u r e 3 .1 i n r e f . 1 2 . The new a d d i t i o n b e i n g a l i n e 
s h o w i n g d i a g r a m m a t i c a l l y t h e r e d u c t i o n i n t h e c a p a b i l i t y o f 
an a i r c r a f t as more h a z a r d o u s e v e n t s t a k e p l a c e . Conco rde 
was t h e f i r s t a i r c r a f t f o r w h i c h a f u l l q u a n t i t a t i v e r i s k 
a s s e s s m e n t was m a d e . The s a f e t y o b j e c t i v e t h a t had t o be 
s a t i s f i e d was t h a t t h e p r o b a b i l i t y o f a c a t a s t r o p h i c 
a c c i d e n t due t o a s y s t e m f a i l u r e s h o u l d be l e s s t h a n 1 x 
1 0 " ^ f o r e a c h f l i g h t h o u r . ( 6 2 ) G e n e r a l l y t h e l i f e 
l i m i t a t i o n i s s e t a t 6 0 , 0 0 0 h o u r s , b u t f o r l a r g e j e t 
t r a n s p o r t s t h i s may be e x t e n d e d p r o v i d e d a v e r y d e t a i l e d 
s t r u c t u r a l e x a m i n a t i o n i s c a r r i e d o u t and t h e c o n d i t i o n o f 
t h e s t r u c t u r e i s f o u n d t o be a c c e p t a b l e ( 6 2 ) . I n t h i s 
c o n t e x t i t m u s t be r e m e m b e r e d t h a t an i n s p e c t i o n o p e r a t i o n 
i s n o t 100% p e r f e c t , t h e r e i s o n l y a 5 0% c h a n c e o f an 
i n s p e c t o r d e t e c t i n g a 2 i n c h l o n g c r a c k . ( 6 3 ) . A n o t h e r v i e w 
on t e c h n i c a l r i s k a c c e p t a b i l i t y has r e c e n t l y been p u b l i s h e d 
by t h e H e a l t h a n d S a f e t y E x e c u t i v e , w h i c h i n t r o d u c e d t h e 
use o f t h e w o r d t o l e r a b i 1 i t y . ( 6 4 ) ' T o l e r a b i 1 i t y ' i s t a k e n 
as b e i n g a w i l l i n g n e s s t o l i v e w i t h a r i s k so as t o s e c u r e 
c e r t a i n b e n e f i t s a n d i n t h e c o n f i d e n c e t h a t t h e r i s k i s 
b e i n g p r o p e r l y c o n t r o l l e d . The t e r m i s a l i t t l e v a g u e as 
t h e t e r m s ' b e n e f i t s ' a n d ' p r o p e r l y c o n t r o l l e d ' a r e n o t 
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TABLE 19 Technical Risk Ranking C r i t e r i a 
FEATURE RATING SCORE* RANK EXPLANATION 
1) P r o b a b i l i t y Accep tab le 1 4 H ighes t Score 
o f f a i l u r e Minor changes requ i red 2 3 of the four 
dur ing Major changes requ i red 5 2 features 
s p e c i f i e d Unacceptable * * * 14 1 determines 
1 i f e t i m e the ove ra l l 
Ranking Score 
and t h i s 
determines the 
Rank f o r 
2) Consequence Acceptable * * 1 4 techn ica l 
o f Needs some r e d u c t i o n 2 3 f a c t o r s . For 
f a i l u r e Needs major reduc t ion 5 2 example i f 
Unacceptable * * * 14 1 the highest 
Score of any 
fea ture i s 
3) C a p a b i l i t y Acceptable 1 4 5 the ove ra l l 
o f Proposers Needs some s t rengthen ing 2 3 score w i l l be 
Needs major s t rengthen ing 5 2 5, i f the 
Unacceptable 14 1 h ighest Score 
i s 14 the 
ove ra l l score 
4) Relevant Acceptable 1 4 w i l l be 14, i f 
exper ience Needs to be extended 2 3 highest Score 
of Needs major extension 5 2 i s 2 the 
Proposer Unacceptable 14 1 ove ra l l score 
w i l l be 2. 
* For d i s c u s s i o n o f s c o r i n g sys tem see Chapter 1 and 
Appendix 4 . 
* * Risk o f p r e m a t u r e dea th o f member o f t h e p u b l i c 1 i n 
10^ years 
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p r e c i s e l y d e f i n e d . I n r e f . 64 t h e H e a l t h and S a f e t y 
E x e c u t i v e u s e t h e t e r m r i s k t o d e n o t e t h e c h a n c e o f a 
p e r s o n h a v i n g a s h o r t e r t h a n n o r m a l l i f e t h i s i s a v e r y 
s p e c i f i c u s e o f t h e t e r m r i s k , w h i c h i s u s e d i n a m o r e 
g e n e r a l way i n t h i s t h e s i s . From r e f . 64 T a b l e 20 has been 
c o n s t r u c t e d t o show w h a t t h e H e a l t h and S a f e t y E x e c u t i v e 
c o n s i d e r t o be t o l e r a b l e l e v e l s o f r i s k . 
T a b l e 20 T o l e r a b l e L e v e l s o f R i s k 
GROUP RISK OF PREMATURE DEATH PER YEAR 
Maximum f o r w o r k e r s 
i n any i n d u s t r y 1 i n 10^ 
Maximum f o r any member 
o f t h e p u b l i c f r o m a 
l a r g e s c a l e i n d u s t r i a l 
h a z a r d 
1 i n 10^ 
Range o f r i s k t o members 
o f t h e p u b l i c l i v i n g 
n e a r a n u c l e a r i n s t a l l a t i o n 
f r o m n o r m a l o p e r a t i o n 
1 i n 10^ 
t o 1 i n 10^ 
Range o f r i s k t o members 
o f t h e p u b l i c l i v i n g 
n e a r a n u c l e a r i n s t a l l a t i o n 
f r o m any k i n d o f n u c l e a r 
a c c i d e n t 
1 i n 10^ 
t o 1 i n 10^ 
R i s k t o a v e r a g e member 
o f t h e p u b l i c f r o m n o r m a l 
o p e r a t i o n and p o s s i b l e 
n u c l e a r a c c i d e n t s 
l e s s t h a n 1 i n 10^ 
A s s e s s m e n t o f t h e c a p a b i l i t y and e x p e r i e n c e o f a p r o p o s e r 
m u s t t o a l a r g e e x t e n t be s u b j e c t i v e . The way t h e W o r l d 
Bank s u g g e s t s t h e c a p a b i l i t y o f c o n s u l t a n t s s h o u l d be 
a s s e s s e d has been m e n t i o n e d e a r l i e r i n t h i s C h a p t e r and i n 
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A p p e n d i x 7. The d e g r e e o f c o n f i d e n c e i n s u c h a s s e s s m e n t s 
m u s t t a k e a c c o u n t o f t h e d e g r e e o f n o v e l t y i n t h e s u b j e c t 
o f t h e a s s e s s m e n t . When a p r o p o s a l s i m p l y r e p e a t s some w e l l 
e s t a b l i s h e d d e s i g n o r p r o c e s s t h e r e can be c o n f i d e n c e t h a t 
t h e c a p a b i l i t y and e x p e r i e n c e o f t h e p r o p o s e r can be j u d g e d 
a c c u r a t e l y . B u t when t h e p r o j e c t i s n o v e l t h e r e i s l i t t l e 
f o u n d a t i o n f o r j u d g e m e n t s o f c a p a b i l i t y . An e x a m p l e o f 
such d i f f i c u l t y i s t h e p r o b l e m o f o b t a i n i n g i n s u r a n c e f o r 
n o v e l p r o j e c t s . When t h e E i f f e l T o w e r was b e i n g b u i l t i t 
was c o n s i d e r e d such a d e p a r t u r e f r o m e x i s t i n g p r a c t i c e t h a t 
no i n s u r a n c e c o m p a n y w o u l d c o v e r t h e r i s k . ( 6 5 ) I n a 
s i m i l a r way t o d a y i t w o u l d be d i f f i c u l t t o o b t a i n i n s u r a n c e 
c o v e r f o r p r o c e s s e s i n v o l v i n g g e n e t i c e n g i n e e r i n g . An 
i n d i c a t i o n o f t h e way t h e i n s u r a n c e i n d u s t r y a s s e s s e s 
c o m p l e x t e c h n i c a l p r o p o s a l s l i k e i n s u r a n c e o f c o m p u t e r 
s y s t e m s i s g i v e n i n A p p e n d i x 8. 
The g e n e r a l c o n c l u s i o n s t h a t t h i s c h a p t e r s u g g e s t s a r e : -
1 ) T h e c r i t e r i a i t i s p r o p o s e d s h o u l d be u s e d f o r 
d e t e r m i n i n g t e c h n i c a l r i s k a c c e p t a b i l i t y a r e shown i n 
T a b l e 19. ( T h i s i s a much b r o a d e r s e t o f c r i t e r i a t h a n 
was p r o p o s e d i n R e f . 12 ) 
2 ) T h e p r o p o s e d c r i t e r i a g i v e a m o r e c o m p r e h e n s i v e 
a s s e s s m e n t o f t h e t e c h n i c a l a c c e p t a b i l i t y o f a p r o p o s a l 
t h a n t h e c r i t e r i a p r o p o s e d i n e a r l i e r work and used i n 
C h a p t e r 1 as t h e b a s i s f o r a s s e s s i n g t h e C h a n n e l 
C r o s s i n g p r o p o s a l s . 
3 ) The d e t a i l e d c r i t e r i a a d o p t e d t o a s s e s s R a n k i n g s c o r e s 
f o r t e c h n i c a l f a c t o r s may h a v e t o be t a i l o r e d t o s u i t 
each f a m i l y o f p r o p o s a l s . 
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CHAPTER 5 
P r o b l e m s o f A s s e s s i n g the Economic A s p e c t s of R i s k 
E a r l i e r w o r k by C h i c k e n s u c h as r e f e r e n c e 12 on t h e 
a s s e s s m e n t o f t h e a c c e p t a b i l i t y o f t h e e c o n o m i c a s p e c t s o f 
r i s k d i d n o t i n c l u d e d i s c u s s i o n o f o r a l l o w a n c e f o r t h e 
t h r o u g h l i f e c o s t s and b e n e f i t s . I n t h i s c h a p t e r an 
a t t e m p t i s m a d e t o r e d r e s s t h e b a l a n c e by t r y i n g t o 
i d e n t i f y t h e o p t i m u m way o f a s s e s s i n g t h e e c o n o m i c a s p e c t s 
o f r i s k a c c e p t a b i l i t y . To s i m p l i f y t h e p r e s e n t a t i o n t h e 
a r g u m e n t i s p r e s e n t e d i n l i t e r a l t e r m s and t h e t h e o r e t i c a l 
a s p e c t s o f t h e a r g u m e n t have been c o n s i g n e d t o A p p e n d i x 9. 
The w i d e v a r i e t y o f e c o n o m i c i n d i c a t o r s m e n t i o n e d i n 
C h a p t e r 2 and A p p e n d i x 2 , t h a t f i n a n c i a l i n s t i t u t i o n s use 
t o a s s e s s t h e a c c e p t a b i l i t y o f t h e r i s k s a s s o c i a t e d w i t h 
t h e i r l e n d i n g p o l i c y s u g g e s t t h e r e i s no s i n g l e t e c h n i q u e 
o f e c o n o m i c a n a l y s i s t h a t i s u n i v e r s a l l y e f f i c a c i o u s i n 
a s s e s s i n g t h e a c c e p t a b i l i t y o f r i s k s . To a c e r t a i n e x t e n t 
t h e b a n k s ' p r o c e d u r e c o u l d be d e s c r i b e d as a s e a r c h f o r a 
c o n s e n s u s v i e w w i t h o u t a t t a c h i n g o v e r r i d i n g i m p o r t a n c e t o 
any one f a c t o r . S u c h an a p p r o a c h may be a c c e p t a b l e f o r 
a s s e s s i n g t h e f i n a n c i a l r i s k a s s o c i a t e d w i t h a m a j o r l o a n 
t o an u n d e r d e v e l o p e d c o u n t r y . B u t , t h e a p p r o a c h w o u l d be 
u n n e c e s s a r i l y c o m p l e x , p e r h a p s even t o o i n d e t e r m i n a t e f o r 
s i m p l e r d e c i s i o n s such as d e t e r m i n i n g t h e a c c e p t a b i l i t y o f 
f i n a n c i n g t h e p u r c h a s e o f a new s h i p o r a new a e r o p l a n e . 
I n t h e a s s e s s m e n t o f t h e C h a n n e l C r o s s i n g o p t i o n s , 
m e n t i o n e d i n C h a p t e r 1 , t h e e c o n o m i c a s s e s s m e n t p r e s e n t e d 
t o t h e d e c i s i o n m a k e r was e x t r e m e l y s i m p l e , p r o b a b l y t o o 
s i m p l e , b e i n g b a s e d j u s t on e s t i m a t e s o f r e t u r n on 
i n v e s t m e n t , c o s t and a l l o w a n c e f o r v a r i a t i o n i n c o s t . 
P r o f e s s o r P e a r c e has p u t t h e e s s e n t i a l f e a t u r e s o f t h e 
p r o b l e m i n t h e f o l l o w i n g way ( 6 6 ) : - " I f , as e c o n o m i s t s have 
r e p e a t e d l y p o i n t e d o u t f o r t h e l a s t t w o c e n t u r i e s , o u r 
w a n t s e x c e e d o u r c a p a c i t i e s t o m e e t t h e m , we m u s t , when 
c h o o s i n g one t h i n g , g i v e s o m e t h i n g e l s e u p . T h i s , v e r y 
s i m p l y , i s t h e n o t i o n o f o p p o r t u n i t y c o s t a n d an 
i n e s c a p a b l e f a c t o f l i f e W h a t t h e c o s t -
b e n e f i t a n a l y s t seeks i s a m e t h o d o l o g y f o r ' r e v e a l i n g ' t h a t 
u n d e r l y i n g v a l u a t i o n . " C l e a r l y t h e h e a r t o f t h e p r o b l e m i s 
b a l a n c i n g t h e m e r i t s o f one f o r m o f e x p e n d i t u r e a g a i n s t 
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o t h e r p o s s i b l e uses f o r f u n d s . 
V a r i o u s a n a l y t i c a l t o o l s have been d e v e l o p e d t o a s s i s t t h e 
d e c i s i o n m a k e r t o d e a l w i t h t h i s p r o b l e m . Among t h e s e 
t o o l s a r e : c o s t - b e n e f i t a n a l y s i s , r i s k - b e n e f i t a n a l y s i s , 
r i s k - c o s t - b e n e f i t a n a l y s i s , p r o j e c t e c o n o m i c v i a b i l i t y , 
o p p o r t u n i t y c o s t and i n s u r a b i l i t y l i m i t s ( 6 7 ) . I t i s n o t 
s u g g e s t e d t h a t t h e s e m e t h o d s g i v e e x a c t r e s u l t s , b u t o n l y 
t h a t t h e y r e v e a l s o m e t h i n g o f t h e n a t u r e o f t h e u n d e r l y i n g 
v a l u a t i o n . The c h o i c e o f me thod and t h e f a c t o r s c o n s i d e r e d 
a r e t o some e x t e n t r e l a t e d t o t h e c o n s t r a i n t s o f t h e 
e n v i r o n m e n t i n w h i c h t h e d e c i s i o n has t o be made and t h e 
s u b j e c t o f t h e d e c i s i o n . The d e c i s i o n m a k i n g i n s i d e a 
s m a l l c o m p a n y w o u l d be m o r e c o n s t r a i n e d by f a c t o r s l i k e 
c a s h f l o w , d e b t f i n a n c i n g , l i q u i d i t y and p r o f i t s t h a n 
d e c i s i o n m a k i n g i n a g o v e r n m e n t b o d y . Mos t o r g a n i s a t i o n s 
a r e s u b j e c t t o c o n s t r a i n t s on t h e i r b o r r o w i n g . I n B r i t a i n 
t h e l e n d i n g p o l i c y o f b a n k s i s , as a l r e a d y m e n t i o n e d i n 
C h a p t e r 2 , s u b j e c t t o c o n t r o l by t h e Bank o f E n g l a n d and 
t h e C o m m i s s i o n o f t h e E u r o p e a n C o m m u n i t i e s The Bank o f 
E n g l a n d ' s c r i t i c i s m o f b a n k s ' p r o p e r t y l o a n s i s an e x a m p l e 
o f t h i s t y p e o f c o n t r o l . ( 6 8 ) W i t h i n t h e s e c o n s t r a i n t s t h e 
r e s p o n s i b l e d e c i s i o n m a k e r s w i l l a i m t o e n s u r e t h a t 
r e s o u r c e s a r e a l l o c a t e d t o t h e mos t b e n e f i c i a l u s e s . I t i s 
a s s u m e d t h a t i n b u i l d i n g up a p i c t u r e o f c o s t s and b e n e f i t s 
b o t h d i r e c t and i n d i r e c t c o s t s and b e n e f i t s a r e c o n s i d e r e d . 
A t t e n t i o n i s d r a w n t o t h e f a c t t h a t i n d i r e c t c o s t s and 
b e n e f i t s a r e o f t e n d i f f i c u l t t o e v a l u a t e and i n t r o d u c e some 
a d d i t i o n a l u n c e r t a i n t y i n t o t h e a n a l y s i s . 
F o r a c o m p l e t e l y s a t i s f a c t o r y a s s e s s m e n t o f t h e c o s t and 
b e n e f i t a s p e c t s o f t h e a c c e p t a b i l i t y o f r i s k t h e a s s e s s m e n t 
has t o i n c l u d e e v a l u a t i o n o f t h e f o l l o w i n g : -
1 ) The t o t a l c o s t s a s s o c i a t e d w i t h each o p t i o n . 
2 ) The b e n e f i t s i n money t e r m s a s s o c i a t e d w i t h e a c h 
o p t i o n . I t m u s t be r e c o g n i z e d t h a t , a t l e a s t 
i n i t i a l l y , a l l t h e b e n e f i t s may n o t be e x p r e s s e d 
d i r e c t l y i n q u a n t i t a t i v e t e r m s a n d t h e r e may be 
p r o b l e m s i n c o n v e r t i n g q u a l i t a t i v e s t a t e m e n t s a b o u t 
b e n e f i t s i n t o q u a n t i t a t i v e s t a t e m e n t s . 
3 ) The c o s t s i n q u a n t i t a t i v e t e r m s a s s o c i a t e d w i t h t h e 
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d i r e c t and i n d i r e c t r i s k s i n h e r e n t i n each o p t i o n . 
4 ) The e r r o r s a n d u n c e r t a i n t i e s a s s o c i a t e d w i t h t h e 
e s t i m a t e s o f c o s t s and b e n e f i t s . 
5 ) The o v e r a l l e c o n o m i c i m p l i c a t i o n s o f t h e o p t i o n s 
c o n s i d e r e d . 
S o m e t i m e s t h e t o t a l c o s t o f a p r o j e c t i s l i g h t l y d i s m i s s e d 
as s i m p l y b e i n g t h e sum o f a l l e x p e n d i t u r e s r e q u i r e d t o 
b r i n g a p r o j e c t t o f r u i t i o n . S u c h a d e f i n i t i o n i s 
m i s l e a d i n g , as i t o v e r l o o k s many i m p o r t a n t i n d i r e c t c o s t s . 
A l s o i t o v e r l o o k s t h e t h r o u g h l i f e c o s t o f a p r o j e c t . One 
o p t i o n m i g h t h a v e a l o w f i r s t c o s t b u t v e r y h i g h t h r o u g h 
l i f e c o s t s w h i c h w o u l d r e s u l t i n t h e t o t a l t h r o u g h l i f e 
c o s t b e i n g h i g h e r t h a n a h i g h f i r s t c o s t o p t i o n w i t h l o w 
t h r o u g h l i f e c o s t s . S i m i l a r a r g u m e n t s c a n be a p p l i e d t o 
t h e a s s e s s m e n t o f t h r o u g h l i f e b e n e f i t s . 
So f a r t h e d i s c u s s i o n has n o t t o u c h e d on t h e n a t u r e o f t h e 
c o s t s a s s o c i a t e d w i t h t h e r i s k s i n h e r e n t i n e a c h o p t i o n 
c o n s i d e r e d . I t i s i m p o r t a n t t o s e p a r a t e r i s k s f r o m t h e 
e r r o r s a n d u n c e r t a i n t i e s i n e s t i m a t e s o f c o s t s a n d 
b e n e f i t s . R i s k s a r e t h e e x p r e s s i o n o f t h e d o u b t s a b o u t a 
p r o p o s a l a c h i e v i n g i t s a i m w h i l e e r r o r s and u n c e r t a i n t y 
r e f e r t o t h e p o s s i b l e v a r i a t i o n i n t h e c a l c u l a t i o n o f c o s t s 
and b e n e f i t s . Some c o n f u s i o n a b o u t t h e t e r m s s t e m s f r o m 
p h r a s e s l i k e : - t h e r i s k o f a c o s t o v e r r u n . The f o l l o w i n g 
e x a m p l e s o f p o s s i b l e o u t c o m e s f r o m p r o j e c t s makes t h e 
m e a n i n g a t t a c h e d t o r i s k c l e a r e r : a new a e r o p l a n e does n o t 
f l y , a new c a r e n g i n e has a h i g h e r f u e l c o n s u m p t i o n t h a n 
e x i s t i n g m o d e l s , a new d r u g i s n o t e f f e c t i v e and a b r i d g e 
f a i l s b e f o r e i t i s p u t i n t o s e r v i c e . The c o s t o f t h e r i s k 
a n d t h e l o s s o f b e n e f i t i n s u c h c a s e s a r e o b v i o u s . A 
r e c e n t W o r l d Bank s t u d y o f 1778 p r o j e c t s s h o w e d 1 i n 6 
p r o j e c t s e x c e e d e d o r i g i n a l e s t i m a t e s by 40% a n d a 
s i g n i f i c a n t number e x c e e d e d o r i g i n a l e s t i m a t e by 80%. ( 6 9 ) . 
When a p r o j e c t i n v o l v e s a n o v e l t e c h n o l o g y t h e c o s t 
e s c a l a t i o n c a n be a g r e a t d e a l h i g h e r . The e r r o r s and 
u n c e r t a i n t i e s a p p l y t o t h e e s t i m a t e o f b o t h c o s t s and 
b e n e f i t s . I n some w a y s t h e e r r o r s a n d u n c e r t a i n t i e s 
a s s o c i a t e d w i t h b e n e f i t s may be l a r g e r t h a n w i t h e s t i m a t e s 
o f c o s t s . The d i f f e r e n c e b e i n g p a r t l y due t o t h e e p h e m e r a l 
n a t u r e o f s o m e b e n e f i t s a n d t h a t s o m e b e n e f i t s a r e 
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i n t r i n s i c a l l y h a r d t o q u a n t i f y . The b e n e f i t s t h a t a r e 
p a r t i c u l a r l y h a r d t o q u a n t i f y a r e t h o s e c o n n e c t e d w i t h 
s o c i a l p r o j e c t s . The p r o b l e m b e i n g a s s o c i a t e d w i t h t h e 
d i f f i c u l t y o f v a l u i n g n o n - t r a d e d g o o d s o r s e r v i c e s ( 7 0 ) . 
E x a m p l e s o f n o n - t r a d e d b e n e f i t s a r e n o i s e - a b a t e m e n t , 
p o l l u t i o n c o n t r o l , t r a d e p r o t e c t i o n and n a t u r e r e s e r v e s . 
Any a t t e m p t t o v a l u e such b e n e f i t s r e v e a l s t h e m a g n i t u d e o f 
t h e p r o b l e m . O f t e n a s s e s s m e n t o f t h e v a l u e o f n o n - t r a d e d 
b e n e f i t s i s b a s e d on e s t i m a t e s o f w i l l i n g n e s s t o pay f o r 
t h e b e n e f i t . 
I f t h e c o m p a r i s o n o f c o s t s a n d b e n e f i t s i s made i n 
s u b j e c t i v e q u a l i t a t i v e t e r m s t h e c o n c l u s i o n s t e n d t o be 
q u i t e a r t i f i c i a l . Q u a n t i f i c a t i o n , o r a t l e a s t o r d i n a l 
r a n k i n g , i s n e c e s s a r y f o r an a s s e s s m e n t t o h a v e an 
a d e q u a t e l e v e l o f r e a l i s m . ( 7 1 ) 
One v a r i a t i o n o f c o n v e n t i o n a l c o s t - b e n e f i t a n a l y s i s t h a t 
h a s b e e n d e v e l o p e d t o d e a l w i t h t h e e l e m e n t o f r i s k i n 
c o s t - b e n e f i t a n a l y s i s i s r i s k - c o s t - b e n e f i t a n a l y s i s . 
S h r a d e r - F r e c h e t t e s t a t e s t h a t i n t h e s i x t i e s r i s k - c o s t -
b e n e f i t a n a l y s i s was i n c o r p o r a t e d i n t o t h e p l a n n i n g and 
b u d g e t i n g p r o c e d u r e s o f many US f e d e r a l a g e n c i e s i n t h e 
d e f e n c e , a e r o s p a c e a n d e n e r g y f i e l d s . ( 7 2 ) E s s e n t i a l l y 
r i s k - c o s t - b e n e f i t a n a l y s i s i s a m e t h o d o f w e i g h t i n g and 
i n t e g r a t i n g t h e v a l u e a t t r i b u t e d t o t h e t h r e e f a c t o r s f o r 
e a c h o p t i o n c o n s i d e r e d . The i n t e g r a t e d v a l u e s o b t a i n e d 
s e r v i n g as t h e b a s i s f o r , w h a t i s c l a i m e d t o b e , s o u n d e r 
c o m p a r i s o n o f each o p t i o n . I d e a l l y f o r c o m p l e t e r i s k - c o s t -
b e n e f i t a n a l y s i s o f a p r o p o s a l a l l t h e i m p l i c a t i o n s o f t h e 
p r o p o s a l f o r a l l i n v o l v e d w i t h t h e p r o j e c t s h o u l d be 
e v a l u a t e d . I n o r d e r f o r s u c h an a s s e s s m e n t t o be u s e f u l 
t h e r e has t o be a v e r y d e t a i l e d u n d e r s t a n d i n g o f t h e 
d i s t r i b u t i o n o f r i s k s , c o s t s and b e n e f i t s . The e c o n o m i c 
f e a t u r e s a b o u t a c o u n t r y o r t h e f i n a n c i a l p e r f o r m a n c e 
f i g u r e s o f a c o m p a n y t h a t b a n k s ' c o n s i d e r when t h e y a r e 
a s s e s s i n g c r e d i t w o r t h i n e s s g i v e an i n d i c a t i o n o f t h e 
r a n g e o f i n f l u e n c e s t h a t h a v e t o be t a k e n i n t o a c c o u n t i n 
e v a l u a t i n g any e c o n o m i c r i s k o r r i s k w e i g h t i n g f a c t o r . 
An i m p o r t a n t f a c e t o f t h e a r g u m e n t i s e x p r e s s e d by t h e 
q u e s t i o n 'Who b e a r s t h e c o s t s and who b e a r s t h e b e n e f i t s 
a s s o c i a t e d w i t h t h e a c t i v i t y ? ' The a r g u m e n t i s f a i r l y 
s i m p l e when t h e r i s k s , c o s t s and b e n e f i t s c o n s i d e r e d a r e 
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b o r n e e n t i r e l y by t h e s a m e p a r t y . More g e n e r a l l y t h e c o s t s 
a n d b e n e f i t s a r e d i v i d e d b e t w e e n s e v e r a l p a r t i e s . T h i s 
g i v e s r i s e t o t h e m o r a l q u e s t i o n a b o u t how t h e b e n e f i t s and 
b u r d e n s s h o u l d be d i s t r i b u t e d . T h e f o l l o w i n g q u o t a t i o n 
f r o m a C o n g r e s s i o n a l H e a r i n g , m e n t i o n e d i n r e f . 1 2 , g o e s 
some way t o w a r d s i d e n t i f y i n g a s o l u t i o n t o t h e p r o b l e m i n a 
w a y t h a t h e l p s t o k e e p t h e d i s c u s s i o n a b o u t t h e 
d i s t r i b u t i o n o f t h e b u r d e n s o f r i s k i n p e r s p e c t i v e . ( 7 3 ) 
' T h e f i r s t m o r a l q u e s t i o n to be a s k e d i s 
t h i s : "How o u g h t b e n e f i t s and r i s k s be 
d i s t r i b u t e d ? " I t i s a g o o d r u l e o f 
t h u m b t o a s s u m e t h a t no p o l i c y b a s e d 
d i r e c t l y on r i s k - b e n e f i t a n a l y s i s w i l l 
a u t o m a t i c a l l y d i s t r i b u t e b e n e f i t s 
a n d b u r d e n s f a i r l y . T h a t w i l l h a p p e n 
o n l y a s t h e r e s u l t o f a d e l i b e r a t e 
a d d i t i o n a l e f f o r t . A v e r y h e a v y b u r d e n 
o f r i s k on o n e g r o u p , w h i l e a n o t h e r 
g r o u p g a i n s m o s t o f t h e b e n e f i t s , i s 
c l e a r l y i n e q u i t a b l e ' 
T h e d e d u c t i o n t h a t s e e m s o b v i o u s f r o m t h e a b o v e q u o t a t i o n 
i s t h a t t h e r i s k and b e n e f i t s and t h e i r d i s t r i b u t i o n , m u s t 
be e x p r e s s e d i n q u a n t i f i e d t e r m s t h a t e n a b l e t h e e q u i t y o f 
t h e i r d i s t r i b u t i o n t o be a s s e s s e d . I t i s o n l y w h e n t h e 
d i s c u s s i o n c a n be h e l d i n n u m e r i c a l t e r m s t h a t t h e f a i r n e s s 
o f a p r o p o s a l c a n be j u d g e d . 
I n s u r a n c e i s one c o m m e r c i a l way o f d i s t r i b u t i n g t h e b u r d e n 
o f r i s k . T h e c o s t o f o b t a i n i n g i n s u r a n c e c o v e r i s n o t a 
f i x e d f a c t o r a s i t d e p e n d s , t o some e x t e n t , on t h e s t a t e o f 
t h e m a r k e t . F o r e x a m p l e , t h e v i e w h a s s o m e t i m e s b e e n 
e x p r e s s e d t h a t w h e n i n s u r a n c e r a t e s a r e h i g h a n d t h e 
i n s u r a n c e m a r k e t s a r e " p r e m i u m h u n g r y " i n s u r e r s w o u l d c u t 
t h e i r p r e m i u m s , h o p i n g t h a t a n y l o s s e s d u e t o c l a i m s 
g r e a t e r t h a n p r e m i u m i n c o m e w o u l d be c o v e r e d by i n v e s t m e n t 
i n c o m e . On some o c c a s i o n s e m p l o y e r ' s l i a b i l i t y r i s k s h a v e 
b e e n a c c e p t e d a t a p r e m i u m o f 60% o f t h e a n n u a l c l a i m s 
e x p e r i e n c e d o v e r t h e p r e v i o u s 5 y e a r s . ( 7 4 ) 
I t i s i m p o r t a n t t o r e c o g n i z e t h a t t h e v a l u e f i x e d f o r 
i n s u r a n c e p u r p o s e s may n o t be t h e s a m e a s t h e t o t a l c o s t 
b u r d e n . ( 7 5 ) T y p i c a l l y i n d i r e c t l o s s e s s u c h a s : p r o d u c t i o n 
81 
l o s s e s , t e r r o r i s m , c o s t s o f r e t r a i n i n g new s t a f f , c o s t s o f 
c l e a n i n g up a f t e r an a c c i d e n t and i n v e s t i g a t i n g an a c c i d e n t 
a r e n o t c o v e r e d . T h e i n s u r a n c e v a l u e o f r i s k c o v e r e d 
a s s u m e s t h e r i s k i s k n o w n a n d u n d e r s t o o d . I f t h e r i s k i s 
n o t u n d e r s t o o d i t w o u l d be v i r t u a l l y i m p o s s i b l e to o b t a i n 
i n s u r a n c e c o v e r . 
F r o m t h i s b r o a d r e v i e w o f t h e p r o b l e m s o f a s s e s s i n g t h e 
e c o n o m i c a s p e c t s o f r i s k a c c e p t a b i l i t y a s s e s s m e n t , s o m e 
c o n c l u s i o n s c a n be d r a w n a b o u t t h e c o n s i d e r a t i o n s t h a t h a v e 
t o be t a k e n i n t o a c c o u n t i n d e v e l o p i n g c r i t e r i a f o r R a n k i n g 
t h e a c c e p t a b i l t y o f e c o n o m i c f a c t o r s . The o p t i m u m way o f 
a s s e s s i n g t h e R a n k i n g o f a c c e p t a b i l i t y o f e c o n o m i c f a c t o r s 
w o u l d be one t h a t g i v e s r e p e a t a b l e , e a s i l y e x p l a i n a b l e and 
r e l i a b l e r e s u l t s . T h e s e t h r e e r e q u i r e m e n t s a r e m e n t i o n e d 
t o d r a w a t t e n t i o n t o t h e f a c t t h a t t h e a s s e s s m e n t t e c h n i q u e 
s h o u l d , w i t h d a t a o f s i m i l a r q u a l i t y , g i v e r e s u l t s o f 
s i m i l a r v a l u e t o t h e a s s e s s m e n t o f a n y p r o p o s a l s t h e y a r e 
a p p l i e d t o . T h e r e q u i r e m e n t s a r e q u i t e e x a c t i n g a n d a r e 
n o t i n t e n d e d a s a s p e r s i o n s on t h e e f f i c a c y o f m e t h o d s o f 
e c o n o m i c a n a l y s i s , b u t t o e x p o s e t h e n e e d t o o b t a i n 
c o n s i s t e n t , p r e d i c t a b l e and e a s i l y u n d e r s t a n d a b l e r e s u l t s . 
I f o v e r t h e y e a r s t h e m e t h o d s o f a n a l y s i s u s e d do n o t g i v e 
r e s u l t s t h a t a r e , i n g e n e r a l , s e e n t o p r e d i c t t h e o u t c o m e 
o f p r o p o s a l s a c c u r a t e l y t h e m e t h o d s w i l l be d i s c r e d i t e d and 
d e c i s i o n m a k i n g p r o c e d u r e s b a s e d on them d i s t r u s t e d . F o r 
e x a m p l e t h e e s t i m a t i n g p r o c e d u r e s u s e d f o r t h e S y d n e y O p e r a 
H o u s e a n d C o n c o r d e w o u l d be r e g a r d e d a s d o u b t f u l , a s i n 
b o t h c a s e s c o s t s e s c a l a t e d to a b o u t t e n t i m e s t h e o r i g i n a l 
e s t i m a t e , t h e e s t i m a t i n g e r r o r s w e r e m a s s i v e . ( 6 9 ) 
S i m i l a r l y t h e e s t i m a t i n g p r o c e d u r e u s e d f o r t h e T h a m e s 
B a r r i e r , w h i c h c o s t a b o u t t w e n t y t i m e s t h e o r i g i n a l 
e s t i m a t e , w o u l d a t b e s t be c o n s i d e r e d d o u b t f u l . ( 6 9 ) The 
s e r i o u s e s c a l a t i o n o f t h e c o s t s o f t h e C h a n n e l T u n n e l show 
how q u i c k l y t h e o r i g i n a l e s t i m a t e s o f t h e c o s t o f t h e 
p r o j e c t m e n t i o n e d a t t h e b e g i n n i n g o f t h i s s t u d y , c a n 
b e c o m e o u t o f d a t e . ( 7 6 ) N o t a l l p r o j e c t s c o s t m o r e t h a n 
t h e o r i g i n a l e s t i m a t e , b u t t h e r i s k o f c o s t o v e r r u n s a r e 
h i g h e r w i t h n o v e l p r o j e c t s t h a n w i t h p r o j e c t s t h a t s i m p l y 
r e p e a t an e a r l i e r s u c c e s s f u l p r o p o s a l . 
F o r t w o i m p o r t a n t r e a s o n s t h e r e q u i r e m e n t o f e a s i l y 
u n d e r s t a n d a b l e r e s u l t s i s o f v i t a l i m p o r t a n c e i n t h e d e s i g n 
o f a s s e s s m e n t p r o c e d u r e s o f e c o n o m i c f a c t o r s a s s o c i a t e d 
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w i t h m a j o r d e c i s i o n s . T h e r e a s o n s a r e : -
1 ) O f t e n d e c i s i o n s a r e e x p o s e d to p u b l i c s c r u t i n y and h a v e 
t o be d e f e n d e d o p e n l y t o a l a y p u b l i c . 
2 ) T h e r e s u l t s o f t h e a s s e s s m e n t may a s i n t h e c a s e o f 
t h e S w i s s B a n k C o r p o r a t i o n ' s M a n a g e m e n t B r i e f , 
m e n t i o n e d i n C h a p t e r 2 , h a v e t o be p r e s e n t e d t o s o m e 
b u s y s e n i o r e x e c u t i v e i n a s i m p l e d i r e c t e a s i l y 
u n d e r s t o o d w a y . 
T h e s e r e q u i r e m e n t s do n o t m e a n t h a t a l l t h e s u p p o r t i n g 
a n a l y s i s h a s t o be c r u d e and s i m p l e . I t m e r e l y means t h a t 
t h e a n a l y s i s h a s t o r e s u l t i n c o n c l u s i o n s t h a t a r e e a s i l y 
e x p l a i n a b l e a n d e a s i l y d e f e n s i b l e . A c c e p t i n g t h a t t h e 
R a n k i n g T e c h n i q u e p r o v i d e s a way o f p r e s e n t i n g t h e r e s u l t s 
o f a n a l y s i s i n an u n d e r s t a n d a b l e way t h e b a s i c q u e s t i o n i s : 
on w h i c h e c o n o m i c p a r a m e t e r s s h o u l d t h e R a n k i n g s c o r e be 
b a s e d ? P o s s i b l e b a s e s f o r R a n k i n g a r e r e v i e w e d i n T a b l e 
2 1 . I n e v e r y c a s e a l l o w a n c e h a s t o be m a d e f o r e r r o r s i n 
t h e d a t a u s e d . T h e e r r o r s m a y , a s a l r e a d y m e n t i o n e d , be 
m a s s i v e . 
B a s i n g a c c e p t a b i l i t y on a r e v i e w o f a l l e c o n o m i c p a r a m e t e r s 
i s a s p e c i a l c a s e , w h i c h h a s a u s e f u l r o l e i n a s s e s s i n g t h e 
a c c e p t a b i l i t y o f t h e r i s k s a s s o c i a t e d w i t h a m a j o r p r o j e c t 
i n a c o u n t r y w i t h a p o o r e c o n o m i c r e c o r d , o r i n a c o u n t r y 
w h e r e t h e c o s t o f t h e p r o j e c t r e p r e s e n t s a s i g n i f i c a n t 
p r o p o r t i o n o f t h e c o u n t r y ' s g r o s s n a t i o n a l p r o d u c t . A 
c o m p a n y ' s f i n a n c i a l p e r f o r m a n c e d a t a i s a f a i r l y 
c o n v e n t i o n a l b a s i s f o r a s s e s s i n g a c o m p a n y ' s c r e d i t 
w o r t h i n e s s f o r a l o a n o r i t s v a l u e a s an i n v e s t m e n t . B u t , 
t h e m e t h o d t e l l s n o t h i n g o f t h e b e n e f i t o f t h e e n t e r p r i s e 
o r t h e a d d e d b e n e f i t t h a t w i l l r e s u l t f r o m m a k i n g a l o a n t o 
t h e c o m p a n y . C o n s i d e r i n g s i m p l y c a p i t a l c o s t a l s o i g n o r e s 
m a n y i m p o r t a n t e c o n o m i c i s s u e s l i k e b e n e f i t o r r i s k , b u t 
t h e t e r m s c o u l d be a d j u s t e d by a f a c t o r t o t a k e t h e m i n t o 
a c c o u n t . R e t u r n o n i n v e s t m e n t c a n g i v e a m o r e 
c o m p r e h e n s i v e v i e w o f t h e e c o n o m i c s i g n i f i c a n c e o f a 
p r o p o s a l p r o v i d i n g t h e c a l c u l a t i o n o f r e t u r n on i n v e s t m e n t 
t a k e s i n t o a c c o u n t t h e c o s t s , l o s s e s a n d b e n e f i t s t h a t 
a c c r u e to p e o p l e n o t d i r e c t l y i n v o l v e d i n t h e p r o j e c t b e i n g 
c o n s i d e r e d . O p p o r t u n i t y c o s t a n a l y s i s i n t r o d u c e s a n o t h e r 
d i m e n s i o n , a s i t a t t e m p t s t o e v a l u a t e t h e c o m p a r a t i v e v a l u e 
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TABLE 21 P o s s i b l e Bases for Ranking Economic Fac to rs 
B A S I S COMMENT 
R e v i e w o f a 
C o m p a n y ' s 
f i n a n c i a l 
p e r f o r m a n c e d a t a 
T h i s i s u s e d f o r a s s e s s i n g t h e c r e d i t 
w o r t h i n e s s o f a company f o r a l o a n o r 
t h e q u a l i t y o f a company a s an 
i n v e s t m e n t . 
R e v i e w o f a l l 
e c o n o m i c 
p a r a m e t e r s 
T h i s i s a p p r o p r i a t e f o r a s s e s s i n g t h e 
c r e d i t r i s k s a s s o c i a t e d w i t h a 
p a r t i c u l a r c o u n t r y . I t i s a l s o 
a p p r o p r i a t e f o r a s s e s s i n g p r o j e c t s 
w h e r e t h e c o s t i s a s i g n i f i c a n t 
p r o p o r t i o n o f a c o u n t r y ' s G r o s s 
N a t i o n a l P r o d u c t . 
C a p i t a l c o s t S i m p l e s t r a i g h t f o r w a r d , b u t d o e s n o t 
t a k e i n t o a c c o u n t q u e s t i o n s l i k e t h e 
r e t u r n on i n v e s t m e n t o r b e n e f i t . 
A g r e e d 
r e t u r n on 
i n v e s t m e n t 
G i v e s an i n d i c a t i o n o f t h e l i k e l y 
c o m m e r c i a l v a l u e o f t h e p r o p o s a l . Can 
be a d j u s t e d to t a k e a c c o u n t o f a l l c o s t s 
and b e n e f i t s b o r n e by t h e p u b l i c . 
O p p o r t u n i t y 
c o s t 
G i v e s an i n d i c a t i o n o f t h e v a l u e o f 
a l t e r n a t i v e s . The p r o b l e m i s to 
i d e n t i f y a l l t h e r e l e v a n t a l t e r n a t i v e s . 
C o s t / b e n e f i t D r a w s a t t e n t i o n t o t h e m a g n i t u d e 
o f r e l a t e d g a i n s a n d l o s s e s . T h e 
p r o b l e m i s c o m p r e h e n s i v e i d e n t i f i c a t i o n 
o f a l l c o s t s and b e n e f i t s i n v o l v e d . 
R i s k / c o s t / b e n e f i t i s a r e f i n e m e n t o f 
t h e m e t h o d . 
N o n - D i m e n s i o n a l 
c o m p a r i s o n o f 
t o t a l c o s t 
An o r d i n a l n o n - d i m e n s i o n a l r a n k i n g o f 
c o s t p r o v i d e s a w a y o f c o m p a r i n g o p t i o n s 
O n l y r e a l l y s u i t a b l e f o r u s e i n s i d e an 
o r g a n i s a t i o n . 
T h r o u g h l i f e 
c o s t s and 
b e n e f i t s 
R i s k / C a p i t a l 
R a t i o 
I f t h e a s s e s s m e n t i s m a d e s o t h a t i t 
t a k e s a c c o u n t o f a l l d i r e c t and i n d i r e c t 
c o s t s a n d b e n e f i t s t h r o u g h o u t t h e l i f e 
o f t h e p r o j e c t i t g i v e s a c o m p r e h e n s i v e 
a s s e s s m e n t o f t h e e c o n o m i c i m p l i c a t i o n s 
o f a p r o p o s a l . 
N e e d s c a r e t o e n s u r e t h a t t h e 
c a l c u l a t i o n o f t o t a l r i s k i n c l u d e s a l l 
d i r e c t and i n d i r e c t r i s k s . T h i s m e t h o d 
i n d i c a t e s w h e t h e r o r n o t a p r o p o s e r h a s 
s u f f i c i e n t f u n d s t o c o v e r a l l r i s k s . 
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o f a l t e r n a t i v e f o r m s o f e x p e n d i t u r e . T h e p r o b l e m w i t h 
o p p o r t u n i t y c o s t a n a l y s i s i s i d e n t i f y i n g a l l t h e 
a l t e r n a t i v e s t h a t s h o u l d be c o n s i d e r e d . C o s t / b e n e f i t 
a n a l y s i s i s a v e r y f l e x i b l e a n a l y t i c a l m e t h o d a n d c a n be 
u s e d t o m a k e a c o m p r e h e n s i v e a s s e s s m e n t o f a l l t h e g a i n s 
and l o s s e s . T h e i n t r i n s i c p r o b l e m s a r e i d e n t i f y i n g a l l t h e 
c o s t s a n d b e n e f i t s t h a t h a v e t o be c o n s i d e r e d , t h e d e g r e e 
o f u n c e r t a i n t y i n t h e c a l c u l a t i o n a n d t h e l i f e o f t h e 
p r o j e c t o v e r w h i c h t h e c o s t s a n d b e n e f i t s h a v e t o be 
i n t e g r a t e d . 
N o n e o f t h e m e t h o d s d i s c u s s e d s o f a r o v e r t l y i n c l u d e a n y 
a s s e s s m e n t o f a p r o p o s e r ' s a b i l i t y t o p a y c l a i m s f o r 
c o m p e n s a t i o n t h a t may a r i s e d u r i n g t h e l i f e o f t h e p r o j e c t . 
T h e w a y c l a i m s f o r c o m p e n s a t i o n d u e t o a s b e s t o s i n d u c e d 
d i s e a s e s f o r c e d J o h n s M a n v i l l e t o c o n s i d e r b a n k r u p t c y , 
w h i c h w a s m e n t i o n e d i n C h a p t e r 4 , g i v e s a c l e a r i n d i c a t i o n 
o f t h e i m p o r t a n c e o f t h i s f a c t o r . To s a v e i n t r o d u c i n g an 
a d d i t i o n a l f a c t o r i n t o t h e a n a l y s i s i t i s a s s u m e d t h a t 
e s t i m a t e s o f c o s t s i n c l u d e a n a l l o w a n c e f o r e i t h e r 
p r o v i d i n g a d e q u a t e i n s u r a n c e c o v e r f o r a l l c l a i m s f o r 
c o m p e n s a t i o n o r m a i n t a i n i n g s u f f i c i e n t r e s e r v e s t o c o v e r 
a n y c l a i m s t h a t may a r i s e . 
O r d i n a l n o n - d i m e n s i o n a l r a n k i n g o f c o s t p r o v i d e s a way 
p r o j e c t c o s t o p t i o n s c a n be c o m p a r e d , b u t i t t e n d s t o 
o b s c u r e t h e a m o u n t o f m o n e y i n v o l v e d . I n s o m e c a s e s i t 
m i g h t be p o s s i b l e , a s i n t h e c a s e o f c a p i t a l c o s t d i s c u s s e d 
e a r l i e r , t o a p p l y t h e m e t h o d t o c o m p a n y t o t a l c o s t t a k i n g 
i n t o a c c o u n t i n d i r e c t l o s s e s and b e n e f i t s . 
T h e m o s t p r o m i s i n g o f t h e b a s e s f o r R a n k i n g e c o n o m i c 
f a c t o r s c a n be d e r i v e d f r o m t h e t h r o u g h l i f e c o s t a p p r o a c h . 
I f t h e t h r o u g h l i f e a s s e s s m e n t i s b a s e d on c o s t s a n d 
b e n e f i t s a n d i s c a l c u l a t e d by i n t e g r a t i n g a l l d i r e c t a n d 
i n d i r e c t b e n e f i t s l e s s a l l d i r e c t and i n d i r e c t c o s t s , w h i c h 
c a n be a t t r i b u t e d t o a p r o j e c t t h r o u g h o u t i t s l i f e , i t 
w o u l d g i v e a s o u n d b a s i s f o r c o m p a r i n g t h e e c o n o m i c 
s i g n i f i c a n c e o f t h e o p t i o n s t h a t h a v e t o be c o n s i d e r e d . 
A s s e s s m e n t o f a l l p o s i t i v e a n d n e g a t i v e , d i r e c t a n d 
i n d i r e c t b e n e f i t s a n d c o s t s i s n o t w i t h o u t p r o b l e m s . T h e 
c o s t s m u s t i n c l u d e a l l o w a n c e f o r f u n d i n g any c o m p e n s a t i o n 
c l a i m s t h a t may a r i s e . 
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T h e q u e s t i o n t h a t r e m a i n s i s w h a t i s t h e m o s t s u i t a b l e 
c r i t e r i a f o r a s s e s s i n g t h e a c c e p t a b i l i t y R a n k i n g o f 
e c o n o m i c f a c t o r s . T h e r e i s p e r h a p s no s i n g l e a n s w e r . The 
c r i t e r i a r e a l l y h a v e t o be a d a p t e d t o t h e p a r t i c u l a r 
d e c i s i o n b e i n g d e a l t w i t h . B u t f o r f a m i l i e s o f d e c i s i o n s 
t h e c r i t e r i a c o u l d be t h e s a m e . F o r e x a m p l e c r i t e r i a b a s e d 
on a r e v i e w o f a l l e c o n o m i c p a r a m e t e r s may be s u i t a b l e f o r 
a l l c a s e s w h e r e t h e c r e d i t w o r t h i n e s s o f a c o u n t r y h a d t o 
b e d e t e r m i n e d , a n d r e t u r n on i n v e s t m e n t w o u l d be a s o u n d 
b a s i s f o r a s s e s s i n g a m o d e s t c o m m e r c i a l p r o j e c t . S i m p l y 
c o n s i d e r i n g t h e r e t u r n on i n v e s t m e n t i g n o r e s t h e i n f l u e n c e 
on n a t i o n a l e x p e n d i t u r e a n d i s d i f f i c u l t t o a p p l y 
r e a l i s t i c a l l y t o p r o p o s a l s r e l a t e d t o s o m e t o p i c s l i k e 
d e f e n c e o r s o c i a l p a y m e n t s . I n t h e o r y o p p o r t u n i t y c o s t 
s h o u l d g i v e t h e b e s t i n d i c a t i o n o f t h e m e r i t s o f 
a l t e r n a t i v e s , b u t t h e m e t h o d i s f r a u g h t w i t h d i f f i c u l t i e s 
a s f o r a n y p r o p o s a l a l l t h e r e a l a l t e r n a t i v e s may be h a r d 
t o i d e n t i f y . S i m i l a r l i m i t a t i o n s a p p l y t o c o s t / b e n e f i t 
a n a l y s i s . A n y p r o c e s s o f d e t e r m i n i n g a l t e r n a t i v e s m u s t , 
t a k e i n t o a c c o u n t t h e w h o l e l i f e c o s t i n v o l v e d and i d e a l l y 
t h e w h o l e l i f e b e n e f i t . S o m e a d d i t i o n a l d i s c u s s i o n o f 
c a l c u l a t i o n s o f t h r o u g h l i f e c o s t i s g i v e n i n A p p e n d i x 9. 
G i v e n t h e d o u b t s e x p r e s s e d a b o u t t h e f e a s i b i l i t y o f f i n d i n g 
u n i v e r s a l c r i t e r i a f o r a s s e s s i n g t h e R a n k i n g t h a t e c o n o m i c 
f a c t o r s j u s t i f y , i t i s s u g g e s t e d t h a t f o r many c a s e s 
R a n k i n g o f a c c e p t a b i l i t y o f t h e e c o n o m i c f a c t o r s c o u l d be 
m a d e on t h e b a s i s o f t h e t h r o u g h l i f e c o s t a n d b e n e f i t s , 
t h e c a l c u l a t i o n t a k i n g i n t o a c c o u n t a l l d i r e c t and i n d i r e c t 
c o s t s a n d b e n e f i t s . I t a l s o h a s t o be a c c e p t e d t h a t t h e 
c a l c u l a t i o n h a s t o i n c l u d e a f a c t o r t o a l l o w f o r t h e r i s k 
o f t h e p r o j e c t n o t b e i n g c o m p l e t e d . S u c h a f a c t o r may be a 
c o m p o u n d f a c t o r , w h i c h i n c l u d e s a l l o w a n c e f o r a l l t h e 
f e a t u r e s o f t h e e c o n o m i c e n v i r o n m e n t t h a t may c a u s e a 
p r o j e c t t o f a i l . I n T a b l e 22 t h e p o s s i b l e r e l a t i o n s h i p 
b e t w e e n t h r o u g h l i f e c o s t s a n d b e n e f i t s a n d t h e R a n k i n g 
s c o r e a r e s e t o u t . I t i s a s s u m e d t h a t t h e c a l c u l a t i o n o f 
t h r o u g h l i f e c o s t s a n d b e n e f i t s i n c l u d e s an a p p r o p r i a t e 
f a c t o r f o r c o m p e n s a t i o n c l a i m s . I t i s r e c o g n i z e d t h a t 
s i m p l y p o s t u l a t i n g a r a n k i n g c r i t e r i a d o e s n o t : r e s o l v e t h e 
m o r a l q u e s t i o n o f how t h e c o s t s o f b e n e f i t s s h o u l d be 
d i s t r i b u t e d , a n s w e r q u e s t i o n s a b o u t t h e m a c r o e c o n o m i c 
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TABLE 22 Possible Relationship Between Econoaic Factors 
and the Ranking Score 




U n l i k e l y to be Through l i f e b e n e f i t s - 14 1 
a c c e p t a b l e through l i f e c o s t s 
s i g n i f i c a n t l y lower 
than a l t e r n a t i v e s . 
Only a c c e p t a b l e Through l i f e b e n e f i t s - 5 2 
i f r i s k can be through l i f e c o s t s 
reduced m a r g i n a l l y lower than 
a l t e r n a t i v e s . 
Y e s , s u b j e c t to Through l i f e b e n e f i t s - 2 3 
d e t a i l e d through l i f e c o s t s 
ad justments to h igher than a l t e r n a t i v e s 
the proposal but some doubts about 
being made e r r o r s and 
u n c e r t a i n t i e s in the 
data used . 
Y e s , w i thout Through l i f e b e n e f i t s - 1 4 
r e s t r i c t i o n through l i f e c o s t s 
h igher than a l t e r n a t i v e s . 
No doubts a f t e r making 
due a l lowance for a l l 
p o s s i b l e e r r o r s and 
u n c e r t a i n t i e s . 
A p p e n d i x 4 
87 
s i g n i f i c a n c e o f t h e p r o p o s a l o r e x p l a i n how t h e c a l c u l a t i o n 
s h o u l d be m a d e . T h e m o r a l q u e s t i o n i s p a r t l y a n s w e r e d by 
a s s e s s i n g p u b l i c r e a c t i o n t o a p r o p o s a l a n d t h i s q u e s t i o n 
i s d i s c u s s e d f u r t h e r i n t h e n e x t C h a p t e r u n d e r t h e h e a d i n g 
o f s o c i o - p o l i t i c a l f a c t o r s . 
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CHAPTER 6 
Problems of A s s e s s i n g the S o c i o - P o l i t i c a l Aspects of Risk 
I n e a r l i e r w o r k . C h a p t e r 7 o f r e f e r e n c e 1 2 , t h e p r o b l e m s 
i n v o l v e d i n a s s e s s i n g s o c i o - p o l i t i c a l f a c t o r s w e r e 
d i s c u s s e d a d e q u a t e l y f o r t h e p u r p o s e o f t h i s s t u d y . So 
t h i s c h a p t e r m e r e l y p r e s e n t s a p r e c i s o f t h o s e a r g u m e n t s 
w i t h s o m e a d d i t i o n a l c o m m e n t s on t h e d i f f i c u l t y o f s u c h 
a s s e s s m e n t s by M e r k h o f e r a n d L i n d b l o m . B e c a u s e o f t h e 
n a t u r e o f s o c i o - p o l i t i c a l f a c t o r s t h e p r o b l e m s i n v o l v e d i n 
a s s e s s i n g t h e i r s i g n i f i c a n c e i n d e c i s i o n m a k i n g a r e q u i t e 
d i f f e r e n t t o t h e p r o b l e m s o f a s s e s s i n g t e c h n i c a l a n d 
e c o n o m i c f a c t o r s . S o c i o - p o l i t i c a l a s p e c t s o f a d e c i s i o n a r e 
c o n c e r n e d w i t h w h a t o u g h t t o b e , s u c h d e c i s i o n s a r e q u i t e 
d i f f e r e n t f r o m t e c h n i c a l j u d g e m e n t s w h i c h a r e c o n c e r n e d 
w i t h w h a t c a n be d o n e . 
I n t h e R a n k i n g T e c h n i q u e s o c i o - p o l i t i c a l f a c t o r s a r e 
s p e c i f i e d a s i n c l u d i n g a l l t h e f a c t o r s t h a t i n f l u e n c e 
d e c i s i o n s , w h i c h a r e n o t g r o u p e d u n d e r t h e h e a d i n g o f 
e i t h e r t e c h n i c a l o r e c o n o m i c f a c t o r s . T h e e s s e n t i a l 
c h a r a c t e r i s t i c o f t h i s v e r y b r o a d g r o u p i s t h a t i t 
d e s c r i b e s a l l t h e s h a d e s o f p u b l i c o p i n i o n a n d i n f l u e n c e 
t h a t h a v e t o be t a k e n i n t o a c c o u n t i n d e t e r m i n i n g t h e 
a c c e p t a b i l i t y o f a p r o p o s a l t o t h e p u b l i c . The s p e c t r u m o f 
p u b l i c o p i n i o n r a n g e s f r o m t h e v i e w s o f i n d i v i d u a l s to t h e 
v i e w s o f p o l i t i c a l p a r t i e s . F o r an a s s e s s m e n t to be u s e f u l 
t o a d e c i s i o n m a k e r i t m u s t b e a b a l a n c e d u n b i a s e d 
a s s e s s m e n t o f s o c i o - p o l i t i c a l f a c t o r s r e l a t e d to t h e p u b l i c 
a c c e p t a b i l i t y o f a p r o p o s a l . T h e i m p o r t a n c e o f s u c h an 
a s s e s s m e n t w a s s t r e s s e d i n t h e L a y f i e l d r e p o r t on t h e 
P u b l i c I n q u i r y i n t o a p r o p o s a l t o b u i l d a p r e s s u r i z e d 
w a t e r n u c l e a r r e a c t o r a t S i z e w e l l . I n t h e r e p o r t L a y f i e l d 
d r e w a t t e n t i o n t o t h e n e e d f o r b e t t e r c o m m u n i c a t i o n w i t h 
t h e p u b l i c a n d b e t t e r u n d e r s t a n d i n g o f t h e p u b l i c ' s v i e w s 
a b o u t t h e a c c e p t a b i l i t y o f n u c l e a r p l a n t . ( 7 7 ) The n e e d to 
u n d e r s t a n d t h e p u b l i c ' s v i e w i s n o t p e c u l i a r t o p r o p o s a l s 
r e l a t i n g t o n u c l e a r p l a n t b u t a p p l i e s t o a l l p r o p o s a l s t h a t 
h a v e an i m p a c t on t h e p u b l i c , w h e t h e r i t i s : t h e r a i l l i n k 
a c r o s s K e n t t o t h e C h a n n e l T u n n e l , t h e o p e r a t i o n o f t h e 
H e a l t h S e r v i c e , t h e c o n s t r u c t i o n o f a M o t o r w a y , t h e s i t i n g 
o f an a i r p o r t o r t h e s i t i n g o f c h e m i c a l p l a n t . 
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T h e v i e w s o f M e r k h o f e r a n d L i n d b l o m h e l p t o p u t t h e 
p r o b l e m s i n t o p e r s p e c t i v e . I n h i s s t u d y o f d e c i s i o n 
s c i e n c e a n d s o c i a l r i s k m a n a g e m e n t M e r k h o f e r s t a t e s " S o c i a l 
c h o i c e t h e o r y t a k e s t h e p e r s p e c t i v e t h a t t h e a p p r o p r i a t e 
c r i t e r i a f o r s o c i a l d e c i s i o n s i s n o t t h e p r e f e r e n c e o f some 
s i n g l e d e c i s i o n m a k e r b u t r a t h e r a r a t i o n a l s y n t h e s i s o f 
t h e p r e f e r e n c e s o f a l l t h o s e i n d i v i d u a l s who w i l l be 
a f f e c t e d by t h e d e c i s i o n . T h e t h e o r y i s t h u s c o n c e r n e d 
w i t h f i n d i n g d e c i s i o n r u l e s o r p r o c e d u r e s by w h i c h 
p r e f e r e n c e s s p e c i f i e d by i n d i v i d u a l s may be i n c o r p o r a t e d 
i n t o t h e d e c i s i o n p r o c e s s " . ( 7 8 ) T h e n i n r e l a t i o n t o 
e t h i c a l c o n c e r n s M e r k h o f e r r a i s e s t w o q u e s t i o n s t h a t a r e 
c e n t r a l t o t h e d e s i g n o f e t h i c a l s o c i a l d e c i s i o n m a k i n g 
s y s t e m s . T h e q u e s t i o n s a r e : - 1 ) W h i c h p r i n c i p l e s o f e t h i c s 
s h o u l d be l e f t t o i n d i v i d u a l c h o i c e a n d w h i c h s h o u l d be 
u n i v e r s a l l y e n f o r c e d ? 2 ) S h o u l d e t h i c a l p r i n c i p l e s be 
s t a t e d i n t e r m s o f e n d s o r i n t e r m s o f m e a n s ? ( 7 9 ) 
M e r k h o f e r c o n c l u d e s t h a t : " A l t h o u g h a n a l y s i s c a n h e l p 
i d e n t i f y a l t e r n a t i v e s t h a t a r e ' b e s t ' a c c o r d i n g t o s o m e 
s p e c i f i e d c r i t e r i o n , i t c a n n o t o b j e c t i v e l y r e s o l v e 
c o n f l i c t s o f i n t e r e s t A n a l y s i s c a n c l a r i f y a 
d e c i s i o n ; i t c a n a l s o o b s c u r e i t i n t e c h n i c a l a n d 
m a t h e m a t i c a l a b s t r a c t i o n . " ( 8 0 ) 
L i n d b l o m ' s o u t l o o k on t h e p r o b l e m i s s l i g h t l y d i f f e r e n t a s 
he i s c o n c e r n e d w i t h t h e p o l i c y - m a k i n g p r o c e s s f r o m t h e 
p o l i t i c a l s t a n d p o i n t . N e v e r t h e l e s s , h i s v i e w s a r e v e r y 
r e l e v a n t t o t h i s e x a m i n a t i o n o f t h e p r o b l e m s o f a s s e s s i n g 
s o c i o - p o l i t i c a l f a c t o r s , a s t h e t y p e o f m a j o r d e c i s i o n t h a t 
i s b e i n g c o n s i d e r e d o f t e n h a s t o be m a d e i n t h e p o l i t i c a l 
a r e n a . T h e p a r t i c u l a r l y r e l e v a n t p o i n t s he m a k e s a r e : -
1 ) E v e n i n d e m o c r a c i e s n o t e v e r y o n e i s m o t i v a t e d t o v o t e 
on i s s u e s t h a t may a f f e c t them o r t h e i n t e r e s t s o f t h e 
p e o p l e t h e y r e p r e s e n t . ( 8 1 ) 
2 ) Not a l l t h e p e o p l e who may v o t e a r e c o r r e c t l y i n f o r m e d 
a b o u t t h e i s s u e s t h e y may v o t e o n . ( 8 2 ) 
3 ) I n t e r e s t g r o u p s a r e a l e g i t i m a t e w a y f o r p e o p l e t o 
a t t e m p t t o i n f l u e n c e d e c i s i o n m a k i n g . B u t t h e 
i n f l u e n c e o f an i n t e r e s t g r o u p i s no g r e a t e r t h a n t h e 
w e i g h t g i v e n to i t by t h e p r o x i m a t e p o l i c y m a k e r . ( 8 3 ) 
( I n t h e c o n t e x t o f t h i s s t u d y t h e p r o x i m a t e p o l i c y 
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m a k e r c a n b e i n t e r p r e t e d a s t h e p e r s o n p r e s e n t i n g an 
a n a l y s i s o f t h e d e c i s i o n o p t i o n s t o a d e c i s i o n m a k e r . ) 
T h e i n e s c a p a b l e c h a r a c t e r i s t i c o f s o c i o - p o l i t i c a l f a c t o r s 
d a t a i s t h a t t h e y a r e s o f t , i n o t h e r w o r d s t h e y a r e h a r d to 
q u a n t i f y w i t h a n y p r e c i s i o n . T h e d a t a t h a t w i l l b e 
a v a i l a b l e w i l l be d e r i v e d f r o m p u b l i c i n q u i r i e s , o p i n i o n 
s u r v e y s , v o t i n g , c o n s u l t a t i o n and e p i d e m i o l o g i c a l s t u d i e s . 
I t h a s t o be a p p r e c i a t e d t h a t e a c h s u r v e y m e t h o d h a s i t s 
s t r e n g t h s and w e a k n e s s e s . An e s s e n t i a l p r e r e q u i s i t e o f any 
a t t e m p t t o make a s o u n d a s s e s s m e n t o f t h e a c c e p t a b i l i t y o f 
t h e s o c i o - p o l i t i c a l a s p e c t s o f a d e c i s i o n i s t h a t e v e r y o n e 
c o n c e r n e d , w h o s e o p i n i o n h a s t o b e c o n s i d e r e d , h a s an 
a d e q u a t e u n d e r s t a n d i n g o f t h e t e c h n i c a l a n d e c o n o m i c 
i m p l i c a t i o n s o f t h e p r o p o s a l . No h o n e s t u n b i a s e d 
a s s e s s m e n t o f p u b l i c a c c e p t a b i l i t y c a n be made u n l e s s t h e 
n a t u r e o f t h e p r o p o s a l i s f i r s t e x p l a i n e d t o t h e p u b l i c 
c o n c e r n e d i n t e r m s t h e y u n d e r s t a n d . 
I d e a l l y v i e w s a b o u t t h e a c c e p t a b i l i t y o f a p r o j e c t s h o u l d 
be c o l l e c t e d f r o m a l l t h o s e i n t h e p o p u l a t i o n who c o u l d , o r 
t h i n k t h e y c o u l d , be a f f e c t e d by t h e p r o j e c t . I n p r a c t i c e 
i t i s n o t p o s s i b l e t o d r a w a p r e c i s e c i r c l e a r o u n d t h e 
s e c t i o n o f t h e p o p u l a t i o n c o n c e r n e d a b o u t a p a r t i c u l a r 
p r o p o s a l and o n l y d e a l w i t h t h e p e o p l e i n s i d e t h a t c i r c l e . 
I n m a t h e m a t i c a l t e r m s i t i s a F u z z y S e t o f p e o p l e t h a t h a v e 
t o be c o n s i d e r e d , s o g r e a t c a r e i s n e e d e d i n d e f i n i n g t h e 
s e c t i o n o f t h e p o p u l a t i o n t h a t h a s t o be c o n s i d e r e d . A t 
t h e s a m e t i m e i t h a s t o be r e c o g n i z e d t h a t t h e r e i s l i k e l y 
t o be a c o n s i d e r a b l e d e g r e e o f u n c e r t a i n t y a b o u t t h e 
c o n f i d e n c e t h a t c a n be p l a c e d i n t h e v i e w s c o l l e c t e d . 
O n c e t h e p o p u l a t i o n w h o s e v i e w s m u s t b e s o u g h t i s 
i d e n t i f i e d t h e n e x t q u e s t i o n i s how s h o u l d t h e i r v i e w s be 
o b t a i n e d . S i m p l y a s k i n g f o r a ' y e s ' o r ' n o ' a n s w e r t o t h e 
q u e s t i o n "How a c c e p t a b l e do y o u c o n s i d e r t h e p r o j e c t i s ? " , 
o n l y g i v e s a s u p e r f i c i a l v i e w o f t h e a c c e p t a b i l i t y o f t h e 
p r o j e c t . I t i s b e t t e r t o t r y a n d b u i l d up a f e e l i n g f o r 
t h e s h a d e s o f o p i n i o n on a p r o p o s a l and t h e a l t e r n a t i v e s i n 
a n i t e r a t i v e w a y . T h i s p r o c e d u r e c o u l d be r e g a r d e d a s a 
f o r m o f t h e D e l p h i t e c h n i q u e o r e v e n a r b i t r a t i o n i n w h i c h a 
c o n s e n s u s v i e w i s b u i l t up i t e r a t i v e l y . 
I t i s a l s o n e c e s s a r y t o r e c o g n i z e t h a t t h e i d e a l s i t u a t i o n 
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w h e r e a l l t h e p e o p l e i n t h e s e c t i o n o f t h e p o p u l a t i o n 
i n v o l v e d a r e p r o v i d e d w i t h d e t a i l s , t h a t t h e y u n d e r s t a n d , 
o f t h e t e c h n i c a l a n d e c o n o m i c i s s u e s i n v o l v e d , c a n r a r e l y 
be a c h i e v e d i n p r a c t i c e . T h e r e f o r e any s a m p l e w i l l i n c l u d e 
p e o p l e w h o s e k n o w l e d g e i s a m i x t u r e o f : p r e c i s e f a c t , 
b e l i e f , v a r i o u s l e v e l s o f p a r t i a l u n d e r s t a n d i n g and b i a s e d 
v i e w s p r o p o u n d e d by i n t e r e s t g r o u p s . When t h e r e a r e s t r o n g 
p o l i t i c a l p r e s s u r e s i n v o l v e d i m p a r t i a l a s s e s s m e n t i s o f 
p a r a m o u n t i m p o r t a n c e a n d t h e a s s e s s o r m u s t t a k e c a r e t o 
e n s u r e h i s a s s e s s m e n t o f s o c i o - p o l i t i c a l f a c t o r s i s b a s e d 
on g e n u i n e r e p r e s e n t a t i v e v i e w s o f t h e p o p u l a t i o n i n v o l v e d . 
T h i s p r o b l e m o f f i n d i n g g e n u i n e r e p r e s e n t a t i v e v i e w s a r i s e s 
i n any s u r v e y o f o p i n i o n . 
H a v i n g r e c o g n i z e d s o m e t h i n g o f t h e i n h e r e n t l i m i t a t i o n s on 
t h e s o c i o - p o l i t i c a l d a t a t h a t c a n be o b t a i n e d t h e n e x t 
q u e s t i o n t o c o n s i d e r i s how t h e d a t a c a n be o b t a i n e d . 
T h e r e a r e f o u r m a i n t e c h n i q u e s f o r a s s e s s i n g p e o p l e s ' v i e w s 
on a c c e p t a b i l i t y . E a c h t e c h n i q u e h a s i t s own s p e c i a l 
c h a r a c t e r i s t i c s and i s more s u i t a b l e f o r some a p p l i c a t i o n s 
t h a n o t h e r s . T h e t e c h n i q u e s a r e s u m m a r i z e d a n d t h e i r 
s t r e n g t h s a n d l i m i t a t i o n s c o m m e n t e d on i n T a b l e 2 3 , w h i c h 
h a s b e e n d e v e l o p e d f r o m an e a r l i e r a n a l y s i s o f a s s e s s m e n t 
t e c h n i q u e s p r e s e n t e d i n r e f e r e n c e 8 4 . I t i s o n l y p o s s i b l e 
t o a s s e s s a c c e p t a b i l i t y u s i n g e p i d e m i o l o g i c a l d a t a i f t h e r e 
i s p a s t e x p e r i e n c e t h a t e x a c t l y m a t c h e s t h e p r o p o s a l 
b e i n g c o n s i d e r e d . T h e d a t a m u s t m a t c h t h e p r o p o s a l b e i n g 
c o n s i d e r e d i n t e r m s o f : t e c h n i c a l s p e c i f i c a t i o n , t h e 
c u r r e n t s t a t e o f k n o w l e d g e a n d t h e o p i n i o n s o f t h e g r o u p 
i n v o l v e d . I t w o u l d b e m i s l e a d i n g t o e x p e c t t h a t o p i n i o n 
a b o u t t h e a c c e p t a b i l i t y i n t h e 1 9 t h c e n t u r y o f a l e a d w o r k s 
i n a t o w n w o u l d g i v e a n y i n d i c a t i o n o f o p i n i o n i n t h e 
1 9 9 0 ' s a b o u t t h e a c c e p t a b i l i t y o f r e m o t e s i t i n g o f a 
n u c l e a r p o w e r r e a c t o r . E q u a l l y d a t a a b o u t t h e 
a c c e p t a b i l i t y o f t h e s i t i n g o f a b a k e r y g i v e s no i n d i c a t i o n 
o f t h e a c c e p t a b i l i t y o f a f a c t o r y b a s e d on a p r o c e s s 
e m p l o y i n g g e n e t i c e n g i n e e r i n g . 
T h e m a i n p r o b l e m s w i t h t h e c o n s u l t a t i o n p r o c e s s a r e : -
e n s u r i n g t h a t t h o s e b e i n g c o n s u l t e d r e a l l y u n d e r s t a n d t h e 
i s s u e t h e y a r e b e i n g c o n s u l t e d a b o u t , t h a t t h e y k n o w t h e 
v i e w s o f a n y p u b l i c t h e y r e p r e s e n t a n d a r e a c c e p t e d a s 
r e p r e s e n t i n g t h a t p u b l i c . T h e r e w o u l d be no m e r i t i n 
c o n s u l t i n g o n l y f a r m e r s i f o n l y 10% o f t h e c o m m u n i t y 
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TABLE 23 Techniques for Assessing Acceptability of 
Socio-political Factors 
METHOD STRENGTHS LIMITATION COMMENT 
E p i - R e l a t e s what has 
demio- a l r e a d y been 
l o g i c a l accepted to 
s t u d i e s environment of 
d e c i s i o n being 
c o n s i d e r e d 
P a s t exper ience 
may not be 
r e l e v a n t to 
the f u t u r e . Does 
not r e p r e s e n t a 
commitment by the 
p u b l i c i n v o l v e d . 
Such s t u d i e s i d e n -
t i f y p a s t a reas 
of c o n c e r n , but do 
not p r e d i c t p resen t 
or f u t u r e c o n c e r n s 
or r e a c t i o n to novel 
p roposa ls 
C o n s u l - Qu ick , provided 
t a t i o n a p p r o p r i a t e 
machinery fo r 
c o n s u l t a t i o n a l r e a d y 
e x i s t s . Can g ive a 
permanent form of 
c o n t a c t between the 
p u b l i c and the 
p r o j e c t and the 
p u b l i c and d e c i s i o n 
makers . 
Those c o n s u l t e d may 
not r e p r e s e n t the 
views of the whole 
community a f f e c t e d 
by the proposal in 
q u e s t i o n . May be 
d i f f i c u l t to 
organ ize when 
na t iona l boundar ies 
have to be c r o s s e d 
Does not r e p r e s e n t 
a commitment by the 
p u b l i c i n v o l v e d . 
The s u c c e s s of 
t h i s method 
depends upon those 
c o n s u l t e d being 
f u l l y aware of the 
views of the com-
munity concerned , 
and understandably 
the i s s u e s invo lved , 
Some forms of 
can take 2 or 3 
y e a r s to a r r i v e 
a t a view. 
Sampling A sample survey can 
prov ide s t r u c t u r e d 
ev idence about 
v iews on 
a c c e p t a b i l i t y 
Does not g ive 
everyone a chance 
to e x p r e s s t h e i r 
views about what 
i s a c c e p t a b l e . 
Does not r e p r e s e n t 
a commitment by the 
p u b l i c i n v o l v e d . 
The sample s u r -
veyed must be 
taken d i r e c t l y 
from the popula-
t ion a f f e c t e d by 
the d e c i s i o n and 
for the r e s u l t s of 
the sampling 
process to r e a l l y 
help the d e c i s i o n 
maker the populat ion 
sampled must under-
stand the i s s u e s 
invo lved 
Vot ing I t i s the most 
comprehensive way 
of e s t a b l i s h i n g the 
v iews and wishes 
of a p a r t i c u l a r 
popu la t ion 
Not appropr ia te for 
a l l p r o j e c t s p a r t i -
c u l a r l y small ones. 
Expens ive and slow 
to a r r a n g e . Un less 
some form of 
compulsion i s used 
not everyone w i l l 
v o t e . Not n e c e s -
s a r i l y b ind ing on 
e i t h e r par ty 
i n v o l v e d . 
I f the r e s u l t i s 
c l e a r i t g ives the 
d e c i s i o n maker 
p o s i t i v e guidance on 
the a c t i o n the popu-
l a t i o n c o n s i d e r should 
be taken. I f the 
v e r d i c t i s marginal 
the i s s u e i s not 
e f f i c i e n t l y r e s o l v e d 
for the d e c i s i o n 
maker. 
* T h i s i s a modif ied v e r s i o n of Table 11 In r e f . 1 2 
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i n v o l v e d w e r e f a r m e r s . I t w o u l d be m o r e e f f e c t i v e t o 
c o n s u l t a g r o u p i n w h i c h a l l i n t e r e s t e d p a r t i e s w e r e 
r e p r e s e n t e d i n t h e s a m e p r o p o r t i o n a s t h e y w e r e i n t h e 
s e c t i o n o f p o p u l a t i o n a f f e c t e d by t h e p r o p o s a l . 
S a m p l i n g o p i n i o n i s a s t a t i s t i c a l l y v a l i d way o f a s s e s s i n g 
o p i n i o n and i s l i k e l y t o y i e l d more h e l p f u l and d e f e n s i b l e 
i n f o r m a t i o n t h a n e p i d e m i o l o g i c a l d a t a . P r o v i d e d , and i t i s 
a n i m p o r t a n t p r o v i s o , t h a t t h e s a m p l e i s p r o p e r l y 
s t r u c t u r e d a n d t h e p o p u l a t i o n s a m p l e d i s t h e r e l e v a n t 
p o p u l a t i o n . 
V o t i n g i s i n m a n y w a y s t h e i d e a l d e m o c r a t i c w a y o f 
a s s e s s i n g t h e p u b l i c a c c e p t a b i l i t y o f a p r o p o s i t i o n . 
H o w e v e r , i t i s n o t a p p r o p r i a t e f o r a l l d e c i s i o n s . I t may 
be a p p r o p r i a t e f o r l a r g e d e c i s i o n s i n t h e p u b l i c s e c t o r b u t 
n o t f o r d e c i s i o n s i n t h e p r i v a t e s e c t o r . V o t i n g i s 
g e n e r a l l y a v e r y s l o w a n d e x p e n s i v e p r o c e s s . S o m e 
r e d u c t i o n i n c o s t c o u l d be a c h i e v e d by s i m p l y l i m i t i n g t h e 
v o t i n g t o t h e r e g i o n l i k e l y t o be a f f e c t e d by t h e p r o p o s a l , 
t h i s may s i m p l y be a c i t y o r c o u n t r y a r e a . I f t h e p r a c t i c e 
w e r e t o b e c o m e g e n e r a l l y a d o p t e d i t i s e a s y t o e n v i s a g e 
t h a t t h e n a t i o n ' s a d m i n i s t r a t i v e s y s t e m w o u l d b e c o m e 
b l o c k e d and t h e d e c i s i o n m a k i n g p r o c e s s s l o w e d down. 
A s a l r e a d y m e n t i o n e d , t h e e x t e n t t o w h i c h l a y p e o p l e a r e 
w i l l i n g a n d c a p a b l e o f m a k i n g an a c c u r a t e a s s e s s m e n t o f t h e 
a c c e p t a b i l i t y o f a p r o p o s a l d e p e n d s on t h e i r k n o w l e d g e o f 
and i n t e r e s t i n t h e p r o p o s a l and t h e i r u n d e r s t a n d i n g o f i t s 
i m p l i c a t i o n s . W i t h o u t an u n d e r s t a n d i n g o f t h e s i g n i f i c a n c e 
o f t h e e s s e n t i a l f e a t u r e s o f a p r o p o s a l t h e p u b l i c a r e i n 
no p o s i t i o n t o j u d g e i t s a c c e p t a b i l i t y a n d a n y j u d g e m e n t 
t h e y m a k e w o u l d h a v e l i t t l e v a l u e . T h i s d o e s n o t mean t h a t 
w i t h o u t p r o p e r u n d e r s t a n d i n g o f t h e s u b j e c t t h e p u b l i c 
w i l l n o t e x p r e s s v i e w s . I t s i m p l y m e a n s t h e a n a l y s t m u s t 
b e c a r e f u l t o a v o i d d e a l i n g i n m y t h s a n d l e g e n d s , w h i l s t a t 
t h e s a m e t i m e a c c e p t i n g t h a t m y t h s a n d l e g e n d s may 
c h a r a c t e r i s e p e o p l e ' s v i e w s on a p a r t i c u l a r s u b j e c t . 
W h a t e v e r m e t h o d o f c o l l e c t i n g i n f o r m a t i o n i s u s e d s e v e n 
e s s e n t i a l s t e p s h a v e t o be t a k e n . T h e s e v e n s t e p s a r e 
s h o w n i n F i g . 6 . T h e s t e p s a s s h o w n m i g h t h a v e t o be 
r e p e a t e d i f t h e p r o p o s a l i s m o d i f i e d o r t h e p e o p l e 
q u e s t i o n e d do n o t s e e m t o h a v e u n d e r s t o o d t h e i m p l i c a t i o n s 
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S T E P 1 
S T E P 2 
S T E P 3 
S T E P 4 
S T E P 5 
S T E P 6 
S T E P 7 
I d e n t i f y t h e q u e s t i o n 
on w h i c h an o p i n i o n 
i s s o u g h t I 
I d e n t i f y t h e 
p o p u l a t i o n w h o s e 
o p i n i o n i s r e q u i r e d 
I d e n t i f y t h e s u r v e y 
m e t h o d to be u s e d 
E x p l a i n t h e 
p r o p o s a l t o t h e 
p e o p l e t o be 
s u r v e y e d i n t e r m s 
t h e y u n d e r s t a n d 
I 
Make t h e s u r v e y 
A n a l y s e t h e r e s u l t s 
o f t h e s u r v e y 
A n n o u n c e t h e 
r e s u l t s o f t h e 
su r v e y 
k - - 1 
R e p e a t t h e 
p r o c e s s i f 
t h e p r o p o s a l i s 
m o d i f i e d o r t h e 
i s s u e s i n v o l v e d 
do n o t seem to 
h a v e b e e n p r o p e r l y 
u n d e r s t o o d by 




* T h i s F i g u r e i s a d e v e l o p m e n t o f F i g u r e 4 i n r e f . 12 
F i g . 6 S t e p s i n t h e O p i n i o n S u r v e y P r o c e s s * 
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o f t h e p r o p o s a l . I f a s a m p l i n g p r o c e s s i s u s e d i t i s 
p o s s i b l e f o r t h e i s s u e s t o be e x p l a i n e d t o t h e p e o p l e 
q u e s t i o n e d a n d t o i n c l u d e q u e s t i o n s t h a t t e s t t h e 
u n d e r s t a n d i n g t h e y h a v e o f t h e p r o b l e m s i n v o l v e d . I t i s t h e 
r e s p o n s i b i l i t y o f t h e a n a l y s t t o m a k e c e r t a i n t h a t t h e 
p e o p l e q u e s t i o n e d h a v e u n d e r s t o o d t h e q u e s t i o n s a s k e d . An 
a c c e p t a b l e d e c i s i o n m a k i n g p r o c e s s w i l l b e o n e i n w h i c h 
b o t h a n a l y s t a n d p u b l i c s h a r e t h e v i e w t h a t t h e 
i m p l i c a t i o n s o f a p r o p o s a l h a v e b e e n f a i r l y e x p l a i n e d and 
o p i n i o n s c o r r e c t l y a s s e s s e d . 
S i x r e c e n t m a j o r s u r v e y s o f p u b l i c o p i n i o n i l l u s t r a t e t h e 
c a p a b i l i t y and l i m i t a t i o n s o f s u r v e y m e t h o d s . T h e s e s u r v e y s 
w e r e d i s c u s s e d a t s o m e l e n g t h i n r e f e r e n c e 1 2 . T h e 
s u r v e y s a r e : S u r r e y U n i v e r s i t y s t u d y o f t h e p e r c e p t i o n o f 
t h e a c c e p t a b i l i t y o f r i s k , ( 8 5 ) t h e l A E A / I I A S A s t u d y o f t h e 
a c c e p t a b i l i t y o f v a r i o u s e n e r g y s o u r c e s , ( 8 6 ) t h e S w e d i s h 
r e f e r e n d u m on n u c l e a r p o w e r , ( 8 7 ) t h e t w o S w i s s v o t e s on 
o p p o s i t i o n t o n u c l e a r p o w e r , ( 8 7 ) t h e D u t c h s u r v e y o f 
o p i n i o n on i n d u s t r i a l r i s k s i n t h e R i j n m o n d a r e a , 
( 8 8 ) ( 8 9 ) ( 9 0 ) and t h e E u r o p e a n C o m m u n i t i e s s u r v e y s o f p u b l i c 
o p i n i o n t h e a c c e p t a b i l i t y o f v a r i o u s s o u r c e s o f p o w e r . ( 9 1 ) 
T h e f i n d i n g s a n d l i m i t a t i o n s o f t h e m e t h o d s a r e s u m m a r i s e d 
i n T a b l e 2 4 . 
T h e c o n c l u s i o n s t h a t s e e m t o b e j u s t i f i e d a b o u t t h e 
p r o b l e m s o f a s s e s s i n g s o c i o - p o l i t i c a l f a c t o r s a r e : -
1 ) T h e S o c i o - p o l i t i c a l f a c t o r s r e l a t e d t o c o m p l e x 
d e c i s i o n s c a n be e v a l u a t e d by c a r e f u l l y d e s i g n e d 
s u r v e y s . 
2 ) C h a n g e s i n o p i n i o n t h a t t a k e p l a c e o v e r a p e r i o d a s 
s h o r t a s t w o y e a r s c a n be d e t e c t e d by c o n v e n t i o n a l 
s u r v e y m e t h o d s . 
3 ) V a r i a t i o n s i n v i e w s c a n be d e t e c t e d o v e r a r e l a t i v e l y 
s m a l l g e o g r a p h i c a l a r e a . 
4 ) F o r an e f f e c t i v e s u r v e y t o be m a d e t h e n a t u r e o f t h e 
r i s k m u s t b e e x p l a i n e d t o t h e p o p u l a t i o n b e i n g 
s u r v e y e d . 
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TABLE 24 Findings and Limitations of six opinion surveys 





OF RISK (85) 
Opinion of 1189 
people sought on 
depth of unease 
about smoking, 
n u c l e a r p l a n t , 
chemica l p l a n t , 
work, a i r 
p o l l u t i o n and 
t h e home. 
Average concern 6.5 
t imes average worry 
and worry 4 .2 t imes 
average a n x i e t y . 
G r e a t e s t concern 
smoking. G r e a t e s t 
worry and anx ie ty 
the home. 
Opinion l i m i t e d 
to the time a t 
which the views 
were taken . Did 
not cover a l l 
common r i s k s for 
example does not 
i n c l u d e road 
r i s k s . 





Opinion of 224 
people sought on 
a c c e p t a b i l i t y o f : 
n u c l e a r , c o a l , 
o i l , hydro and 
s o l a r power. 
Opinion found not 
to be in favour of 
n u c l e a r . T h i s 
c o r r e c t l y f o r e c a s t 
outcome of na t iona l 
referendum he ld 
s h o r t l y a f t e r w a r d s . 
I t r e p r e s e n t s 
the lower l i m i t 








on n u c l e a r 
jower p o l i c y , 
' receded by 
campaign to 
educate p u b l i c . 
75.7% of the 
populat ion voted . 
58% voted fo r n u c l e a r 
power. 
38% voted p o s i t i v e l y 
a g a i n s t . 
A f t e r Chernobyl 
opinion changed 
Endorsing the 
view t h a t a 
survey i s only 
v a l i d for the 
time i t i s taken, 
SWISS 
REFERENDUM 
IN IT IAT IVES 
ON NUCLEAR 
POWER (87) 
Two r e f e r e n d a 
w i t h i n three 
months. One on 
l i m i t i n g l i c e n c e s 
to 25 y r s and 
l i a b i l i t y to 
9 0 y r s , the o ther 
was fo r a 
m o d i f i c a t i o n to 
the S w i s s Atomic 
Energy A c t . 
The f i r s t was 
r e j e c t e d by 51.7% to 
48.3%. 49% of the 
e l e c t o r a t e vo ted . 
The second was 
supported by 69% but 
only 37% voted . 
Although the Swiss 
are used to 
referendums, i f 
used f requent ly 
i n t e r e s t f a l l s . 
The method i s 
slow - but binding 
on the government. 
DUTCH SURVEY 600 people 
OF RISK quest ionned 




S I T E FOR A 
MAJOR LNG 
q u e s t i o n n a i r e 
S I T E model (Sense 
of i n s e c u r i t y 
w i th r e s p e c t to 
t h r e a t from 
15% of those asked 
re fused to be 
i n t e r v i e w e d . 




of op in ion . 
TERMINAL (88) P h y s i c a l 
(89) (90) Env i ronment ) . 









r i s k of l i v i n g 
nearby c e r t a i n 
i n s t a l l a t i o n s ; 
c a r r i e d out in 
D i f f e r e n c e s in 
opin ion between 
member s t a t e s and 
over the y e a r s more 
people c o n s i d e r e d 
chemical and 
e x p l o s i v e s f a c t o r i e s 
more hazardous than 
Extent of 
comparison 
l i m i t e d by the 
range of quest ions 
asked . 
' 7 8 , ' 8 2 and ' 84 . a f u r n i t u r e f a c t o r y . 
97 
5 ) A s a m p l e o p i n i o n s u r v e y d o e s n o t r e p r e s e n t any k i n d o f 
c o m m i t m e n t by t h e p e o p l e b e i n g s u r v e y e d , w h e r e a s v o t i n g 
p r o c e d u r e s may be b i n d i n g . 
6 ) F o r t h e d e c i s i o n m a k e r c o n s i d e r i n g a m a j o r p u b l i c 
p r o j e c t t h e r e may be c o n s i d e r a b l e u n c e r t a i n t y a b o u t t h e 
v a l i d i t y o f t h e a s s e s s m e n t o f p u b l i c a c c e p t a b i l i t y 
u n l e s s i t i s b a s e d on t h e r e s u l t s o f a v o t i n g 
p r o c e d u r e . 
7 ) F o r s m a l l n o n - c o n t r o v e r s i a l p r o j e c t s s u r v e y s o f t h e 
p u b l i c ' s v i e w o f t h e a c c e p t a b i l i t y o f a p r o p o s a l may 
n o t be j u s t i f i e d . 
I n a s o c i e t y t h a t l a y s a n y c l a i m t o b e i n g d e m o c r a t i c w h e n a 
d e c i s i o n i n v o l v e s d e t e r m i n i n g t h e a c c e p t a b i l i t y o f a 
p r o p o s a l e i t h e r t o t h e p u b l i c i n g e n e r a l o r a p a r t i c u l a r 
s e c t i o n o f t h e p u b l i c , t h e o p i n i o n o f t h e r e l e v a n t p u b l i c 
m u s t be a s s e s s e d i n t h e m o s t p r e c i s e t e r m s p o s s i b l e . 
I d e a l l y t h e a s s e s s m e n t s h o u l d be q u a n t i t a t i v e . A l t h o u g h 
v o t i n g i s t h e m o s t p o s i t i v e w a y o f m a k i n g s u c h a 
q u a n t i t a t i v e a s s e s s m e n t i n a b i n d i n g w a y i t i s a c c e p t e d 
t h a t f o r many p u r p o s e s a p r o p e r l y d e s i g n e d o p i n i o n s u r v e y 
may g i v e an a d e q u a t e a s s e s s m e n t o f o p i n i o n . F o r s m a l l o r 
l o c a l p r o j e c t s c o n s u l t a t i o n p r o c e d u r e s may be an a d e q u a t e 
way o f a s s e s s i n g p u b l i c o p i n i o n a b o u t t h e a c c e p t a b i l i t y o f 
a p r o j e c t . 
F r o m t h e e x a m i n a t i o n o f t h e e f f i c a c y o f v a r i o u s m e t h o d s o f 
a s s e s s i n g t h e a c c e p t a b i l i t y o f a p r o p o s a l i n s o c i o -
p o l i t i c a l t e r m s t h e c o n c l u s i o n s t h a t a r e c o n s i d e r e d to be 
j u s t i f i e d a b o u t t h e c r i t e r i a t h a t s h o u l d be u s e d f o r 
a s s e s s i n g s u c h f a c t o r s i n g e n e r a l a n d f o r R i s k R a n k i n g 
p u r p o s e s i n p a r t i c u l a r a r e : - 1 ) T h e a s s e s s m e n t o f t h e 
a c c e p t a b i l i t y o f t h e s o c i o - p o l i t i c a l a s p e c t s o f a p r o p o s a l 
s h o u l d a s f a r a s p o s s i b l e be a s s e s s e d on a q u a n t i t a t i v e 
b a s i s . 2 ) A p o s s i b l e r e l a t i o n s h i p b e t w e e n s o c i o - p o l i t i c a l 
f a c t o r s a n d t h e R a n k i n g a c c e p t a b i l i t y s c o r e i s d e s c r i b e d i n 
T a b l e 2 5 . 3 ) R a n k i n g on t h e b a s i s o u t l i n e d i n T a b l e 25 
c o u l d b e d e s c r i b e d a s b e i n g b a s e d on an a s s e s s m e n t o f 
p u b l i c o p i n i o n a b o u t a c c e p t a b i l i t y o f t h e p r o p o s a l . 4 ) The 
a p p r o a c h d e s c r i b e d i n T a b l e 25 i s r a t h e r d i f f e r e n t t o t h e 
w a y t h e S w i s s B a n k C o r p o r a t i o n a s s e s s e s p o l i t i c a l a n d 
s o c i a l f a c t o r s w h i c h w a s d e s c r i b e d i n C h a p t e r 2 a n d 
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TABLE 25 Possible Relationship between Socio-Political Factors and the 
Ranking Score* 
ACCEPTABILITY SOCIO-POLITICAL FACTORS SCORE** EQUIVALENT 
RISK ACCEPT-
ABILITY RANK 
U n l i k e l y to be 
a c c e p t a b l e 
L e s s than 1/3 of the pop-
popula t ion judged to be in 
favour of the proposal 
14 
Only a c c e p t a b l e i f Between 1/3 and 1/2 of the 
r i s k can be reduced r e l e v a n t popula t ion judged to 
be i n favour of the proposal 
Y e s , s u b j e c t to 
d e t a i l e d a d j u s t -
ments to the prop-
osa l being made 
Between 1/2 and 2 /3 of the 
r e l e v a n t popula t ion judged 
to be in favour of the 
proposal 
Yes wi thout 
r e s t r i c t i o n 
Over 2 /3 of the r e l e v a n t pop-
u l a t i o n judged to be in favour 
of the proposal 
* E x c e p t f o r t h e s c o r i n g s c a l e t h i s f i g u r e i s the same as 
Tab le 17 of r e f . l 2 
* * F o r d i s c u s s i o n of s c o r i n g system see Chapter 1 and Appendix 8 
A p p e n d i x 2 . T h e B a n k i s m o r e c o n c e r n e d t o a s s e s s t h e 
p o l i t i c a l a n d s o c i a l s t a b i l i t y o f a c o u n t r y a n d n o t j u s t 
t h e p u b l i c a c c e p t a b i l i t y o f a p r o j e c t . 5 ) The d i f f e r e n c e 
b e t w e e n t h e B a n k ' s c r i t e r i a f o r a s s e s s m e n t o f s o c i o -
p o l i t i c a l f a c t o r s and t h e p r o p o s a l f o r R i s k R a n k i n g s h o w s 
t h e i m p o r t a n c e o f t a i l o r i n g t h e C r i t e r i a f o r a s s e s s i n g 
a c c e p t a b i l i t y t o m a t c h e x a c t l y t h e r e q u i r e m e n t s o f e a c h 
f a m i l y o f a p p l i c a t i o n s . 
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CHAPTER 7 
P o s s i b l e A l t e r n a t i v e s 
T h e e a r l i e r c h a p t e r s c o n c e n t r a t e d on c o m p r e h e n s i v e 
a s s e s s m e n t o f d e c i s i o n o p t i o n s u s i n g t h e R i s k R a n k i n g 
T e c h n i q u e and t h e m e t h o d s u s e d by f i n a n c i a l i n s t i t u t i o n s . 
I n t h i s c h a p t e r a c r i t i c a l e x a m i n a t i o n i s made o f t h e 
p o s s i b l e a l t e r n a t i v e s t o t h o s e m e t h o d s . B e f o r e l a u n c h i n g 
i n t o e x a m i n a t i o n o f a l t e r n a t i v e s t h e p e r s p e c t i v e f r o m w h i c h 
t h e e x a m i n a t i o n i s m a d e m u s t be s t a t e d . E s s e n t i a l l y t h e 
p e r s p e c t i v e i s t h a t o f t h e p o t e n t i a l u s e r . T h e a i m b e i n g 
t o e v a l u a t e c u r r e n t l y a v a i l a b l e g e n e r a o f t e c h n i q u e s f o r 
a s s e s s i n g d e c i s i o n o p t i o n s t o d e t e r m i n e t o w h a t e x t e n t t h e y 
h a v e t h e c a p a b i l i t y t o f u l f i l l a c o m p r e h e n s i v e a s s e s s m e n t 
r o l e , s u c h a s t h a t p e r f o r m e d by t h e R i s k R a n k i n g T e c h n i q u e , 
o r w h e t h e r t h e y j u s t h a v e t h e p o t e n t i a l t o c o m p l e m e n t o r 
s u p p l e m e n t c o m p r e h e n s i v e a s s e s s m e n t i n some w a y . 
T h e R a n k i n g T e c h n i q u e i s c o n s i d e r e d t o f a l l s o m e w h e r e 
b e t w e e n t h e t e c h n i q u e s c o n v e n t i o n a l l y c o n s i d e r e d to be h a r d 
q u a n t i t a t i v e m e t h o d s a n d t h e s o f t q u a l i t a t i v e m e t h o d s . 
H a r d q u a n t i t a t i v e m e t h o d s a r e t h o s e b a s e d on n u m e r i c a l 
a n a l y s i s o f t h e p a r a m e t e r s o f t h e p r o b l e m . S o f t m e t h o d s 
b e i n g t h o s e a p p r o p r i a t e f o r p r o b l e m s i n w h i c h t h e 
b o u n d a r i e s a r e i l l d e f i n e d a n d f o r w h i c h t h e r e i s no 
r e l e v a n t q u a n t i t a t i v e d a t a . The a i m o f t h i s e x a m i n a t i o n o f 
a l t e r n a t i v e s i s m a d e c l e a r e r by r e c o g n i t i o n o f t h e f a c t 
t h a t t h e r o l e e n v i s a g e d f o r any c o m p r e h e n s i v e a s s e s s m e n t i s 
t o s u m m a r i z e , w e i g h t and i n t e g r a t e f o r t h e d e c i s i o n m a k e r , 
t h e c o n c l u s i o n s a b o u t a c c e p t a b i l i t y j u s t i f i e d by d e t a i l e d 
a s s e s s m e n t o f e v e r y a s p e c t o f e a c h o p t i o n a v a i l a b l e . I n 
o t h e r w o r d s c o m p r e h e n s i v e a s s e s s m e n t i s t h e l a s t s t e p i n 
t h e a s s e s s m e n t p r o c e s s a s i t i n t e g r a t e s t h e r e s u l t s o f a l l 
t h e a s s e s s m e n t s o f i n d i v i d u a l f a c t o r s . 
T h e t y p i c a l d e c i s i o n m a k i n g s i t u a t i o n i n w h i c h i t i s 
e n v i s a g e d c o m p r e h e n s i v e a s s e s s m e n t w i l l be u s e d i s w h e r e an 
a s s e s s m e n t h a s t o be m a d e , o f t h e a c c e p t a b i l i t y o f v a r i o u s 
s o l u t i o n s t o a c o m p l e x p r o j e c t . T h e c i r c u m s t a n c e s o f t h e 
d e c i s i o n m a k i n g p r o c e s s e s b e i n g s u c h t h a t t h e d e c i s i o n 
m a k e r h a s t o be p r e p a r e d to d e f e n d t h e d e c i s i o n to a l a r g e 
l a y p u b l i c . As p a r t o f s u c h d e f e n c e i t h a s t o be p o s s i b l e 
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t o d e m o n s t r a t e t h a t a l l t h e t e c h n i c a l , e c o n o m i c and s o c i o -
p o l i t i c a l f a c t o r s i n v o l v e d h a v e b e e n c o n s i d e r e d i n a d e q u a t e 
d e p t h . S u c h d e c i s i o n m a k i n g s i t u a t i o n s may be f o u n d i n 
m a j o r p u b l i c c o m p a n i e s , m a j o r s p e n d i n g d e p a r t m e n t s o f l o c a l 
a n d n a t i o n a l g o v e r n m e n t s a n d i n t e r - g o v e r n m e n t a l b o d i e s . 
T y p i c a l o f s u c h d e c i s i o n s a r e : d e c i s i o n s a b o u t w h e t h e r o r 
n o t t o b u i l d a new k i n d o f c h e m i c a l w o r k s , d e c i s i o n s a b o u t 
w h e t h e r o r n o t t o b u i l d a p o w e r s t a t i o n on a p a r t i c u l a r 
s i t e a n d d e c i s i o n s a b o u t t h e s i t e o f a new h y p e r m a r k e t . 
T h i s d e s c r i p t i o n o f t h e p o t e n t i a l r o l e o f c o m p r e h e n s i v e 
a s s e s s m e n t i s s i m p l y t o i l l u s t r a t e t h e c h a r a c t e r i s t i c s t h a t 
o t h e r t e c h n i q u e s s h o u l d h a v e t o b e c o n s i d e r e d a s p o s s i b l e 
a l t e r n a t i v e s t o c o m p r e h e n s i v e a s s e s s m e n t and s h o u l d n o t be 
i n t e r p r e t e d a s l i m i t i n g p o s s i b l e a p p l i c a t i o n s o f t e c h n i q u e s 
l i k e R i s k R a n k i n g . 
F r o m t h e d e s c r i p t i o n o f t h e r o l e e n v i s a g e d f o r 
c o m p r e h e n s i v e a s s e s s m e n t i t i s p o s s i b l e t o v i s u a l i s e a 
m o d e l o f d e c i s i o n m a k i n g t h a t d e s c r i b e s t h e c i r c u m s t a n c e s 
i n w h i c h t h e r o l e may be p l a y e d . T h e m o d e l v i s u a l i s e d i s 
s h o w n d i a g r a m m a t i c a l l y i n F i g 7. F r o m t h e d i a g r a m i t c a n be 
s e e n t h a t t h e d e c i s i o n m a k i n g p r o c e s s o f i n t e r e s t i s 
s u r r o u n d e d by an e n v i r o n m e n t a l s e t c o n t a i n i n g many f a c t o r s 
t h a t may i n f l u e n c e a n d i n t e r a c t w i t h t h e d e c i s i o n m a k i n g 
p r o c e s s . T h e d i a g r a m a l s o s h o w s t h a t i n t h e e n v i r o n m e n t 
t h e r e w i l l be i n t e r a c t i o n s t h a t w i l l : g e n e r a t e p r o p o s a l s , 
s u p p o r t t h e p r o p o s a l a n d o t h e r s t h a t w i l l be o p p o s e d t o t h e 
p r o p o s a l . 
A t t h e m i n i m u m t h e d e c i s i o n m a k e r w i l l h a v e two o p t i o n s to 
c o n s i d e r . One o p t i o n b e i n g t o a c c e p t a p r o p o s a l a n d t h e 
o t h e r o p t i o n b e i n g t o r e j e c t t h e p r o p o s a l . I n p r a c t i c e 
t h e r e a r e a t l e a s t t w o m o r e o p t i o n s w h i c h a r e : no d e c i s i o n 
i s t a k e n and t h e p r o p o s a l i s r e t u r n e d f o r r e v i s i o n . Once a 
p r o p o s a l i s g e n e r a t e d i t w i l l h a v e t o be a s s e s s e d . T h e 
c o m p r e h e n s i v e a s s e s s m e n t p r o c e s s s h o u l d a s a l r e a d y 
d i s c u s s e d e v a l u a t e t h e t e c h n i c a l , e c o n o m i c a n d s o c i o -
p o l i t i c a l i s s u e s i n v o l v e d a n d a t t e m p t t o i d e n t i f y t h e 
a d v a n t a g e s and d i s a d v a n t a g e s o f e a c h o p t i o n . 
G e n e r a l l y t h e a s s e s s o r s a r e s e p a r a t e d , i n s o m e w a y , f r o m 
t h e d e c i s i o n m a k e r s . T h i s m e a n s t h e f i n d i n g s o f t h e 
a s s e s s o r s a r e p a s s e d t o t h e d e c i s i o n m a k e r t h r o u g h a 


































































Note! Double ended arrows i n d i c a t e there 
may be i t e r a t i v e development 
F i g . 7 Diagrammatic R e p r e s e n t a t i o n of D e c i s i o n Making P r o c e s s 
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c o l l e c t e d i t i s s t r u c t u r e d f o r d e c i s i o n m a k i n g and p a s s e d 
t o t h e d e c i s i o n m a k e r who h a s t h e u l t i m a t e r e s p o n s i b i l i t y 
f o r m a k i n g t h e d e c i s i o n . I n p r a c t i c e t h e p r o c e d u r e i s 
r a r e l y s o s i m p l e ; t h e r e may be many i t e r a t i v e d e v e l o p m e n t s 
i n t h e p r o p o s a l a s i t p a s s e s b e t w e e n p r o p o s e r , a s s e s s o r , 
p r o x i m a t e d e c i s i o n m a k e r a n d d e c i s i o n m a k e r . T h e s e 
i t e r a t i o n s may be r e q u i r e d t o t a k e a c c o u n t o f : c h a n g e s i n 
t e c h n o l o g y , b e t t e r u n d e r s t a n d i n g o f t h e r e l e v a n t 
t e c h n o l o g y , c h a n g e s i n t h e e c o n o m i c c l i m a t e , c h a n g e s i n t h e 
p a t t e r n o f d e m a n d a n d c h a n g e i n t h e s o c i o - p o l i t i c a l 
c l i m a t e . I t i s a s s u m e d t h a t t h e i s s u e s i n v o l v e d a r e n o t 
t r i f l i n g m a t t e r s , i n o t h e r w o r d s s o m e f o r m o f de m i n i m u s 
t e s t h a s b e e n a p p l i e d t o e l i m i n a t e t r i v i a l i s s u e s . ( 9 1 ) I n 
s o m e c a s e s i t m a y b e h e l p f u l t o u s e a R i s k R a n k i n g 
p h i l o s o p y t o d e t e r m i n e w h i c h r i s k s i n h e r e n t i n t h e p r o p o s a l 
c a n be i g n o r e d . 
Now t o e x a m i n e p o s s i b l e a l t e r n a t i v e m e t h o d s . The m e t h o d s 
a r e c a t e g o r i s e d u n d e r t h r e e h e a d i n g s w h i c h a r e : 
c o m p r e h e n s i v e a l t e r n a t i v e m e t h o d s , s u p p l e m e n t a r y m e t h o d s 
and c o m p l e m e n t a r y m e t h o d s . C o m p r e h e n s i v e a l t e r n a t i v e s a r e 
t h o s e t e c h n i q u e s t h a n c a n e n t i r e l y r e p l a c e t h e R a n k i n g 
T e c h n i q u e o r any o t h e r m e t h o d o f c o m p r e h e n s i v e a s s e s s m e n t . 
C o m p l e m e n t a r y m e t h o d s a r e t e c h n i q u e s t h a t c o u l d a d d 
s o m e t h i n g t o t h e c o m p r e h e n s i v e n e s s o f t h e R a n k i n g 
T e c h n i q u e . S u p p l e m e n t a r y m e t h o d s a r e t e c h n i q u e s t h a t c o u l d 
o v e r c o m e d e f i c i e n c i e s i n t h e R a n k i n g T e c h n i q u e . C l e a r l y 
t h e t e c h n i q u e s l a b l e d c o m p l e m e n t a r y o r s u p p l e m e n t a r y a r e 
n o t c o m p l e t e a l t e r n a t i v e s t o c o m p r e h e n s i v e a s s e s s m e n t a s 
t h e y do n o t l o o k a t a l l t h e f a c t o r s a s s o c i a t e d w i t h 
d e c i s i o n s i n t h e c o m p r e h e n s i v e d e p t h t h e R a n k i n g T e c h n i q u e 
d o e s , b u t t h e y m a y h a v e a v i t a l s u p p o r t i n g r o l e by 
p r o v i d i n g t h e t y p e o f e v i d e n c e r e q u i r e d t o R a n k t h e 
A c c e p t a b i l i t y o f t h e v a r i o u s f a c t o r s c o n s i d e r e d . 
T h e m a i n c h a r a c t e r i s t i c s o f t h e c o m p r e h e n s i v e a l t e r n a t i v e 
m e t h o d s a r e s h o w n i n T a b l e 2 6 , t h e m a i n c h a r a c t e r i s t i c s o f 
t h e s u p p l e m e n t a r y m e t h o d s a r e s h o w n i n T a b l e 27 a n d t h e 
m a i n c h a r a c t e r i s t i c s o f t h e c o m p l e m e n t a r y m e t h o d s a r e s h o w n 
i n T a b l e 2 8 . 
T h e c o m p r e h e n s i v e a l t e r n a t i v e s d e s c r i b e d i n T a b l e 26 a r e 
l i s t e d i n o r d e r o f t h e i n c r e a s i n g q u a n t i t a t i v e d e t a i l t h e y 
a r e s t r u c t u r e d t o t a k e i n t o a c c o u n t i n a r r i v i n g a t t h e i r 
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TABLE 26 The Main Characteristics of Comprehensive Alternatives to 
the Risk Ranking Technique 
POSSIBLE 
ALTERNATIVE 
POTENTIAL ROLE LIMITATIONS 
D i r e c t 
p r e s e n t a t i o n 
of ev idence 
w i th guidance 
on a c c e p t a b i -
l i t y 
Can be used i n c a s e s 
where the d e c i s i o n 
maker w ishes to make 
h i s own assessment 
of the ev idence 
As i t does not i n c l u d e any 
s y s t e m a t i c comparat ive 
a n a l y s i s of the opt ions i t 
does not improve under-
s tanding of the s i g n i f i c a n c e 
of the ev idence 
D i r e c t 
i n s t r u c t i o n 
about a c c e p t -
a b i l i t y in 
n a t u r a l 
language 
Cases where no quan- Defence of method d i f f i c u l t 
t i t a t i v e j u s t i f i c a t i o n wi thout support from d e t a i l e d 
i s c o n s i d e r e d q u a n t i t a t i v e ev idence 
n e c e s s a r y 
Review by When a proposal i s Could be seen as a way of a v o i d -
e x p e r t s novel i t may be u s e f u l ing r e s p o n s i b i l i t y fo r d e c i s i o n . 
to know the degree of Advice from e x p e r t s has to be 
support from e x p e r t s a s s e s s e d and weighted. The 
who have some r e l e v a n t e x p e r t s c o n s u l t e d should e i t h e r 
e x p e r i e n c e i n d i v i d u a l l y or c o l l e c t i v e l y have 
an understanding of the t e c h n i c a l 
economic and s o c i o - p o l i t i c a l 
i s s u e s invo lved 
P u b l i c Debate When p u b l i c p a r t i c i -
pa t ion in the 
d e c i s i o n making 
p r o c e s s i s judged to 
be r e q u i r e d 
May be a slow p r o c e s s . Does not 
ensure tha t the d e c i s i o n i s 
u n i v e r s a l l y a c c e p t a b l e . Does not 
a lways deal wi th a l l the i s s u e s 
invo lved in a c o n s i s t e n t manner 
System 
A n a l y s i s (92) 
Can be used to i d e n t -
i f y i n t e r a c t i n g 
f a c t o r s i n v o l v e d and 
e s t a b l i s h t h e i r 
r e l a t i v e s i g n i f i c a n c e 
The procedures are more aimed a t 
e s t a b l i s h i n g r e l a t i o n s h i p s than 
producing a q u a n t i t a t i v e compari-
son of the s i g n i f i c a n c e of the 
v a r i o u s f a c t o r s can a l s o be 
c o n s i d e r e d as a supplementary 
technique 
S t a t i s t i c a l 
methodology 
such as 
B a y e s i a n 
i n f e r e n c e (93) 
m u l t i v a r i a t e 
a n a l y s i s 
May g ive i n d i c a t i o n 
of p o s s i b l e outcomes 
i n c a s e s where the 
data i s inadequate 
F i n d i n g s may be d i f f i c u l t to 
p resen t to a l ay p u b l i c . Conf id -
ence in f i n d i n g s low when 
the a n a l y s i s i s based on 
inadequate data 
Computer ised 
s i m u l a t i o n 
a n a l y s i s of 
the o p t i o n s . 
P o s s i b l y based 
on a system 
w i th e i t h e r 
a r t i f i c i a l 
i n t e l l i g e n c e 
or an e x p e r t 
system 
When a l l op t ions and 
u n c e r t a i n t i e s have to 
be exp lored in d e t a i l 
and the i n t e r a c t i o n 
between the v a r i o u s 
f a c t o r s i s known 
Conf idence in method would have 
to be e s t a b l i s h e d . With a novel 
proposal i t cou ld give mis lead ing 
r e s u l t s , i f proposal i s ou ts ide 
the range of the exper t systems 
used . For the system to be 
e f f e c t i v e r e l i a b l e r e l e v a n t 
q u a n t i t a t i v e data would have to 
be a v a i l a b l e . 
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TABLE 27 The Main Characteristics of Supplementary 
Alternatives to the Risk Ranking Technique 
POSSIBLE 
ALTERNATIVE 
POTENTIAL ROLE LIMITATIONS 
S o f t System 
Methodology 
(94) 
An a i d to b u i l d i n g up an 
understanding of the 
f a c t o r s and r e l a t i o n s tha t 
have to be c o n s i d e r e d . 
( T h i s i n f l u e n c e d the e a r l y 
development of the 
Ranking Technique) 
I t mainly c o n c e n t r a t e s on 
i d e n t i f y i n g the pat tern of 
r e l a t i o n s h i p s a s s o c i a t e d 
wi th d e c i s i o n s . I t does not 
normal ly quant i fy the 
s i g n i f i c a n c e of 
r e l a t i o n s h i p s 
C o g n i t i v e 
Mapping (95) 
To determine the i n t e r -
a c t i o n of f a c t o r s and 
determine t h e i r r e l a t i o n -
s h i p wi th goa ls about which 
d e c i s i o n s are r e q u i r e d 
( T h i s a l s o i n f l u e n c e d the 
e a r l j / development of the 
Ranking Technique) 
I t i s more concerned with 
determining the commitment 
to a c t i o n than a s s e s s i n g the 
mer i t of p a r t i c u l a r courses 
of a c t i o n 
Game Theory 
(96 ) & (97) 
Metagame and hypergame 
approach can be used to 
e x p l o r e outcomes of 
d e c i s i o n s when s e v e r a l 
o r g a n i s a t i o n s are i n v o l v e d 
i n implementing the 
d e c i s i o n 
Simply concerned with d e t e r -
mining the most l i k e l y 
outcome of a d e c i s i o n 
R isk A n a l y s i s 
(98 ) & (99) 
Although R isk A n a l y s i s i s Does not n e c e s s a r i l y take 
b u i l t i n t o the Risk Ranking i n t o account t e c h n i c a l , 
Techn ique , R isk A n a l y s i s economic and s o c i o - p o l i t i c a l 
can a l s o be used to exp lore f a c t o r s 
the consequence of the 
d e c i s i o n and the chance of 
d e c i s i o n being implemented 
P r o b a b i l i t y 
Model l ing 
(100) 
P r o b a b i l i t y Model l ing c a n 
be used to perform a very 
s i m i l a r r o l e to R isk 
A n a l y s i s 
L i m i t a t i o n s s i m i l a r to R i s k 
A n a l y s i s , i t could be 
regarded simply as a v a r i a n t 
of R isk A n a l y s i s 
M u l t i v a r i a t e 
A n a l y s i s 
(101) & (102) 
(Appendix 10) 
Can be used to e x p r e s s the 
r e l a t i o n s h i p between the 
f a c t o r s invo lved in 
mathematical terms 
To be e f f e c t i v e r e a l l y 
r e q u i r e s c o n s i d e r a b l e quan-
t i t a t i v e data about f a c t o r s 
inc luded in the a n a l y s i s . 
Such data may not be a v a i l -
ab le for novel systems. 
C r e d i t To a s s e s s proposers 
Worthiness a c c e p t a b i l i t y f o r a loan 
to f i n a n c e a p r o j e c t 
Concent ra tes on determining 
the c r e d i t wor th iness of 
the proposer and in general 
g ives s c a n t a t t e n t i o n to 
o ther a s p e c t s of a proposal 
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TABLE 28 The Main Characteristics of Complementary Alternatives 
to the Risk Ranking Technique 
POSSIBLE 
ALTERNATIVES 
POTENTIAL ROLE LIMITATIONS 
Robustness 
A n a l y s i s (104) 
F o r e c a s t i n g 
Techniques (105) 
R e s o u r c e 
A l l o c a t i o n (100) 
R e g r e s s i o n 
A n a l y s i s (101) 
To s t r u c t u r e the examinat ion Requ i res some q u a n t i t a -
of the f i n d i n g s of any t i v e data to be a v a i l -
q u a n t i f i e d a n a l y s i s i n c l u d i n g ab le about the f a c t o r 
the Ranking Technique and or f a c t o r s i n v e s t i g a t e d 
focus a t t e n t i o n on the 
p o s s i b i l i t i e s of v a r i o u s 
outcomes i n a v a r i e t y of 
p o s s i b l e f u t u r e s . 
To help determine the f u t u r e 
s i g n i f i c a n c e of the v a r i o u s 
f a c t o r s c o n s i d e r e d 
Only r e l e v a n t when the 
f a c t o r s invo lved i n 
the d e c i s i o n cons idered 
have to r e l a t e to some 
time in the fu ture fo r 
which the c h a r a c t e r -
i s t i c s are p r e d i c t a b l e 
To a s s e s s the m e r i t s o f t h e 
r e s o u r c e a l l o c a t i o n of the 
t e c h n i c a l , economic f a c t o r s 
a v a i l a b l e . 
J u s t i f i c a t i o n of the 
resource a l l o c a t i o n 
tends to be l i m i t e d 
to t e c h n i c a l and 
economic f a c t o r s . 
To t r y and p r e d i c t the 
f u t u r e q u a n t i t a t i v e 
s i g n i f i c a n c e of every f a c t o r 
from a n a l y s i s of pas t 
e x p e r i e n c e 
Regress ion a n a l y s i s can 
only r e a l l y c o n t r i b u t e 
to understanding the 
s i g n i f i c a n c e of opt ions 
when fu ture c o n d i t i o n s 
are expected to r e l a t e 
to pas t exper ience 
D e c i s i o n T r e e s 
(100 ) (106 ) 
To b u i l d up a p i c t u r e of the 
r e l a t i o n s h i p between the 
s u b s i d i a r y d e c i s i o n s and 
f a c t o r 
Comprehensive D e c i s i o n 
Making only d e a l s with 
the end product of 
d e c i s i o n t r e e s , as i t 
i s concerned wi th the 
f i n a l d e c i s i o n 
A r b i t r a t i o n For novel p r o j e c t s a r b i t r a -
(100) t i o n between e x p e r t s about 
the v a l u e s t h a t should be 
used fo r f a c t o r s fo r which 
the re i s no d a t a . Can a l s o 
be used to e s t a b l i s h common 
ground between v a r i o u s 
groups i n the popula t ion 
A r b i t r a t i o n only helps 
to i d e n t i f y the extreme 
v i e w s . The compromise 
adopted i s not n e c e s s -
a r i l y the idea l 
d e c i s i o n 
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c o n c l u s i o n s . F o r e x a m p l e d i r e c t p r e s e n t a t i o n o f e v i d e n c e 
a n d n a t u r a l l a n g u a g e p r e s e n t a t i o n o f a j u d g e m e n t d o e s n o t 
n e c e s s a r i l y i n v o l v e a n y q u a n t i t a t i v e s t a t e m e n t o f t h e 
r e l a t i v e m e r i t s o f o n e o p t i o n a s c o m p a r e d w i t h a n o t h e r . 
T h e m o s t s i g n i f i c a n t w e a k n e s s o f s u c h a p p r o a c h e s i s t h a t i t 
i s n o t a p r e r e q u i s i t e t h a t t h e y h a v e a r i g i d s t r u c t u r e t h a t 
r e q u i r e s s p e c i f i c f a c t o r s t o be t a k e n i n t o a c c o u n t i n a 
c o n s i s t e n t w a y . A r e v i e w o f a p r o p o s a l by e x p e r t s i s 
l i k e l y t o be m a d e i n v e r y q u a l i t a t i v e t e r m s , b u t i t i s 
e s s e n t i a l t h a t c o n s u l t a t i o n i s s t r u c t u r e d , a s d e s c r i b e d i n 
A p p e n d i x 5 , s o t h a t t h e d i s t r i b u t i o n o f o p i n i o n s on a l l 
a s p e c t s o f t h e p r o p o s a l b e i n g s t u d i e d c a n be a s s e s s e d 
s t a t i s t i c a l l y . 
O n e i m p o r t a n t v a r i a t i o n o f t h e c o n v e n t i o n a l e x p e r t 
c o n s u l t a t i o n a p p r o a c h , t h a t i s p a r t i c u l a r l y u s e f u l i n t h e 
c o n t e x t o f d e c i s i o n m a k i n g p r o c e s s i n a c o m p a n y , i s t h e 
d e c i s i o n c o n f e r e n c e . T h e d e c i s i o n c o n f e r e n c e i s a m e e t i n g , 
w h i c h may be a r e g u l a r m e e t i n g , t o d e c i d e c o l l e c t i v e l y w i t h 
a l l t h e c o m p a n y ' s e x p e r t s t h e b e s t d e c i s i o n t o a d o p t . 
I m p o r t a n t d e c i s i o n c o n f e r e n c e s may be h e l d a w a y f r o m t h e 
n o r m a l w o r k i n g e n v i r o n m e n t t o f a c i l i t a t e c o n c e n t r a t i o n . 
T h i s m e t h o d i s u s e d by I C I , who h a v e f o u n d t h a t t h e p r o c e s s 
o f r e a c h i n g a d e c i s i o n i s o f t e n h e l p e d by u s i n g a 
f a c i l i t a t o r . ( 1 0 3 ) T h e f a c i l i t a t o r i s u n l i k e l y t o be an 
e x p e r t i n t h e s u b j e c t o f t h e d e c i s i o n b u t he w i l l be an 
e x p e r t i n h e l p i n g t h e g r o u p t o r e a c h a d e c i s i o n . He 
w i l l h e l p b r i n g p r o b l e m s t o t h e s u r f a c e a n d s u g g e s t w a y s 
t h e p r o b l e m s may be d e a l t w i t h . D e c i s i o n c o n f e r e n c e s c a n 
be r e g a r d e d a s a v e r y s p e c i a l f o r m o f e x p e r t c o n s u l t a t i o n . 
T h e y a r e s p e c i a l i n t h e way t h e r a n g e o f t o p i c s c o n s i d e r e d 
i s l i m i t e d a n d i n t h e way t h e r a n g e o f e x p e r t s c o n s u l t e d i s 
p r e s e l e c t e d . 
S y s t e m A n a l y s i s c a n be u s e f u l i n b u i l d i n g a m o d e l o f t h e 
i n t e r a c t i o n s a s s o c i a t e d w i t h a p r o p o s a l , p a r t i c u l a r l y t h e 
s o c i o - p o l i t i c a l i n t e r a c t i o n s . I d e n t i f i c a t i o n o f t h e 
i n t e r a c t i o n s c a n l e a d t o d e t a i l e d q u a n t i t a t i v e a s s e s s m e n t 
o f a l l t h e r e l e v a n t f a c t o r s . T h e p r o b l e m w i t h S y s t e m 
A n a l y s i s i s i t s f l e x i b i l i t y . T h e v i r t u e o f f l e x i b i l i t y 
m e a n s t h a t i t may be d i f f i c u l t t o e n s u r e c o m p a r a b l e 
c o n s i s t e n t r e s u l t s , a s t h e a n a l y s i s d o e s n o t h a v e t o be 
a p p l i e d i n e x a c t l y t h e s a m e w a y e a c h t i m e . T h e i n f l u e n c e 
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o f S y s t e m A n a l y s i s on t h e d e v e l o p m e n t o f t h e R a n k i n g 
T e c h n i q u e i s r e c o g n i z e d a n d i t c o u l d be a r g u e d t h a t t h e 
R a n k i n g T e c h n i q u e i s a c o d i f i e d a p p l i c a t i o n o f S y s t e m 
A n a l y s i s . 
S t a t i s t i c a l m e t h o d s i n c l u d i n g m u l t i v a r i a t e a n a l y s i s a n d 
c o m p u t e r s i m u l a t i o n u s i n g e x p e r t s y s t e m s c a n , p r o v i d e d t h e y 
a r e b a s e d on a c c u r a t e d a t a r e l e v e n t t o t h e p r o p o s a l b e i n g 
a s s e s s e d , g i v e a g o o d i n s i g h t i n t o t h e a c c e p t a b i l i t y o f 
r i s k s . I n v e r y b r o a d t e r m s R i s k R a n k i n g c o u l d be d e s c r i b e d 
a s b e l o n g i n g t o t h e m u l t i v a r i a t e f a m i l y o f t e c h n i q u e s . When 
p r o p o s a l s i n v o l v e s o m e n o v e l p r o c e s s t h e u s e o f e x p e r t 
s y s t e m s may be i n a p p r o p r i a t e a s t h e e x p e r t s y s t e m may n o t 
i n c l u d e r e l e v a n t i n f o r m a t i o n f r o m w h i c h t o c o n s t r u c t 
a d v i c e . I f t h e a p p r o p r i a t e d a t a i s a v a i l a b l e m u l t i v a r i a t e 
a n a l y s i s c a n be i n c o r p o r a t e d i n t o o r f o r m t h e b a s i s o f a 
c o m p u t e r i s e d s i m u l a t i o n p r o g r a m . I n t h i s c o n t e x t i t i s 
n o t e d t h a t t h e r e a r e s o m e i n t e r e s t i n g c o m p u t e r p r o g r a m s 
b e i n g d e v e l o p e d u s i n g m u l t i v a r i a t e t e c h n i q u e s to a s s e s s t h e 
a c c e p t a b i l i t y o f r i s k . A p a r t i c u l a r l y r e l e v a n t d e v e l o p m e n t 
i s t h e R I S I K O - D I A L O G p r o g r a m t h a t i s b e i n g d e v e l o p e d by t h e 
S t . G a l l e n I n s t i t u t f u r V e r s i c h e r u n g s w i r t s c h a f t . ( 1 0 7 ) 
A l t h o u g h t h e p r o g r a m i s d e s i g n e d s p e c i f i c a l l y f o r 
c o m p r e h e n s i v e a s s e s s m e n t o f i n s u r a n c e r i s k s i t c o u l d be 
a d a p t e d f o r c o m p r e h e n s i v e l y a s s e s s i n g a w i d e r s p e c t r u m o f 
r i s k s . 
T h e c a t e g o r i s a t i o n o f t h e v a r i o u s d e c i s i o n a i d i n g 
t e c h n i q u e s i n t o s u p p l e m e n t a r y o r c o m p l e m e n t a r y t e c h n i q u e s 
i s s o m e w h a t a r b i t a r y , b u t i t e x p o s e s s o m e f u n d a m e n t a l 
l i m i t a t i o n s t o t h e i r c a p a b i l i t y and t h e i r p o t e n t i a l r o l e s . 
T h e r e i s a c o n s i d e r a b l e d e g r e e o f o v e r l a p i n s o m e o f t h e 
t e c h n i q u e s , a s s o m e o f t h e m a r e f l e x i b l e e n o u g h t o be 
d e v e l o p e d a s e i t h e r s u p p l e m e n t a r y t e c h n i q u e s o r 
c o m p l e m e n t a r y t e c h n i q u e s o r e v e n a s a l t e r n a t i v e s t o 
c o m p r e h e n s i v e a s s e s s m e n t p r o c e d u r e s l i k e t h e R i s k R a n k i n g 
T e c h n i q u e . P e r h a p s t h e m o s t i m p o r t a n t d i f f e r e n c e b e t w e e n 
t h e t e c h n i q u e s i s b e t w e e n t h o s e t h a t a t t e m p t t o a s s e s s t h e 
s i g n i f i c a n c e a n d i m p a c t o f a l l t h e v a r i a b l e s a s s o c i a t e d 
w i t h a p r o p o s i t i o n a n d t h o s e t e c h n i q u e s t h a t a r e s i m p l y 
c o n c e r n e d w i t h e x p l o r i n g t h e u n c e r t a i n t y a s s o c i a t e d w i t h a 
s i n g l e v a r i a b l e . 
T h e c r i t e r i a f o r a s s e s s i n g t h e u s e f u l n e s s o f t h e v a r i o u s 
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t e c h n i q u e s i s w h e t h e r o r n o t t h e y r e p r e s e n t an i m p r o v e m e n t 
o f t h e l o g i c o f t h e R a n k i n g T e c h n i q u e o r s i g n i f i c a n t l y 
i m p r o v e t h e q u a l i t y o f u n d e r s t a n d i n g o f t h e f a c t o r s 
i n v o l v e d . I n m a k i n g t h i s a s s e s s m e n t c a r e h a d t o be t a k e n 
t o a v o i d e n c o u r a g i n g t h e u s e o f t e c h n i q u e s t h a t w o u l d 
o b s c u r e t h e i n f l u e n c e o f t h e f a c t o r s . 
Now t o c o n s i d e r t h e c h a r a c t e r i s t i c s o f t h e s u p p l e m e n t a r y 
m e t h o d s s u m m a r i z e d i n T a b l e 2 7 . The m o s t d i f f i c u l t m e t h o d 
t o c a t e g o r i s e i s s o f t s y s t e m m e t h o d o l o g y , a s i n some w a y s 
b e c a u s e o f t h e c o m p r e h e n s i v e n e s s o f i t s n a t u r e i t c o u l d be 
c o n s i d e r e d a c o m p l e t e a l t e r n a t i v e t o c o m p r e h e n s i v e 
t e c h n i q u e s l i k e t h e R a n k i n g T e c h n i q u e . ( 9 2 ) B u t b e c a u s e i t 
d o e s n o t a t t e m p t t o make a q u a n t i t a t i v e a s s e s s m e n t o f t h e 
s i g n i f i c a n c e o f t h e v a r i o u s f a c t o r s i d e n t i f i e d a s b e i n g 
i n v o l v e d p e r h a p s t h e m o s t u s e f u l c o n t r i b u t i o n S o f t S y s t e m 
M e t h o d o l o g y c a n m a k e i s a t t h e p r e l i m i n a r y s t a g e o f 
a s s e s s i n g a p a r t i c u l a r d e c i s i o n p r o b l e m . A t t h a t s t a g e 
S o f t S y s t e m M e t h o d o l o g y c a n h e l p t o i d e n t i f y t h e 
i n t e r a c t i o n s t h a t h a v e t o be a l l o w e d f o r i n t h e a s s e s s m e n t . 
T h e c e n t r a l c h a r a c t e r i s t i c o f C o g n i t i v e M a p p i n g i s 
p r o d u c t i o n o f a map o f a l l t h e i s s u e s c o n c e r n e d w i t h a 
d e c i s i o n . T h e i s s u e s i n c l u d i n g d r i v i n g f o r c e s a n d 
r e s t r i c t i o n s . I n s o m e w a y s C o g n i t i v e M a p p i n g c o u l d be 
c o n s i d e r e d a s a s s e s s i n g t h e b a l a n c e o f p r e s s u r e s f o r 
d e c i s i o n o p t i o n s a v a i l a b l e . I t d o e s n o t a t t e m p t t o 
q u a n t i f y t h e r e l a t i v e m e r i t o f t h e o p t i o n s . 
Game T h e o r y i n a l l i t s v a r i o u s f o r m s i s b a s i c a l l y c o n c e r n e d 
w i t h e x p l o r i n g a l l t h e l i k e l y o u t c o m e s o f a d e c i s i o n a n d 
d e t e r m i n i n g w h i c h i s t h e m o s t p r o b a b l e o u t c o m e . ( 9 5 ) ( 9 6 ) 
I t c o u l d be a r g u e d t h a t t h e w a y Game T h e o r y e x p l o r e s 
u n c e r t a i n t y i s o n l y s l i g h t l y d i f f e r e n t t o t h e w a y i t w a s 
s u g g e s t e d , i n C h a p t e r 3 , t h a t t h e R a n k i n g T e c h n i q u e c o u l d 
be u s e d t o e x p l o r e u n c e r t a i n t y . 
R i s k A n a l y s i s c o u l d be d e s c r i b e d a s an o v e r u s e d p h r a s e and 
b e c a u s e i t i s u s e d i n s o m a n y w a y s i t c a n be m i s u n d e r s t o o d . 
I n t h e c o n t e x t o f t h i s s t u d y i t i s i n t e n d e d t o c o v e r 
s t a t i s t i c a l l y b a s e d t e c h n i q u e s u s e d t o a s s e s s t h e 
p r o b a b i l i t y o f v a r i o u s p o s s i b l e o u t c o m e s f r o m v a r i o u s s u b -
s y s t e m s o f a p r o p o s a l . ( 9 8 ) ( 9 9 ) S u c h t e c h n i q u e s i n c l u d e 
n e t w o r k a n a l y s i s . I n r e l a t i o n t o t h e R i s k R a n k i n g 
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T e c h n i q u e t h e s u p p l e m e n t a r y r o l e f o r e s e e n f o r R i s k A n a l y s i s 
i s i n d e t e r m i n i n g t h e p r o b a b i l i t y o f t h e a s s e s s m e n t o f t h e 
v a l u e s u s e d f o r e a c h R a n k i n g f a c t o r and t h e o v e r a l l R a n k i n g 
b e i n g c o r r e c t . A s w i t h G a m e T h e o r y e x p l o r i n g t h e 
p r o b a b i l i t y o f t h e R a n k i n g b e i n g c o r r e c t h a s b e e n 
e f f e c t i v e l y c o v e r e d by t h e t h r e e d i m e n s i o n a l m a t r i x 
p r o c e d u r e d e s c r i b e d i n C h a p t e r 3 . 
T h e b o u n d a r y b e t w e e n w h a t i s c a l l e d P r o b a b i l i t y M o d e l l i n g 
a n d R i s k A n a l y s i s i s v e r y f u z z y and many o f t h e a n a l y t i c a l 
p r o c e s s e s h a v e s i m i l a r f o r m s . ( 1 0 1 ) T h i s m e a n s t h e 
c o m m e n t s t h a t h a v e b e e n made a b o u t R i s k A n a l y s i s a l s o h o l d 
f o r P r o b a b i l i t y M o d e l l i n g . 
M u l t i v a r i a t e A n a l y s i s t e c h n i q u e s , w h i c h a r e c o n c e r n e d w i t h 
d e t e r m i n i n g t h e r e l a t i o n s h i p s b e t w e e n s e t s o f v a r i a b l e s , 
a r e p e r h a p s l e s s w i d e l y u s e d . ( 1 0 1 ) ( 1 0 2 ) T h i s may be 
p a r t l y d u e t o t h e d i f f i c u l t y , p a r t i c u l a r l y w i t h n o v e l 
p r o j e c t s , i n o b t a i n i n g s u f f i c i e n t d a t a a b o u t t h e 
r e l a t i o n s h i p s b e t w e e n t h e v a r i a b l e s . H o w e v e r , a n a l y s i s o f 
c o m p l e x m u l t i v a r i a t e s i t u a t i o n s s u c h a s a s s o c i a t e d w i t h 
p o l i t i c a l d e c i s i o n s h a s b e e n t a c k l e d ( 1 0 5 ) , a n d a l s o a s 
a l r e a d y m e n t i o n e d c o m p u t e r p r o g r a m s s u c h a s R I S I K O - D I A L O G 
a r e b e i n g d e v e l o p e d f o r t h e i n s u r a n c e i n d u s t r y ( 1 0 7 ) . 
C o m p l e x m o d e l s may n o t s i m u l a t e t h e r e a l w o r l d e x a c t l y ; 
t h e y may be i n e r r o r e i t h e r b e c a u s e t h e y u n d e r - i d e n t i f y o r 
o v e r - i d e n t i f y t h e v a r i a b l e s i n v o l v e d a n d t h e i r 
i n t e r a c t i o n s . D u r i n g t h e l i f e o f a p r o j e c t a s a d d i t i o n a l 
d a t a b e c o m e s a v a i l a b l e , s u c h e r r o r s c o u l d be i t e r a t i v e l y 
r e d u c e d . F u r t h e r d i s c u s s i o n o f t h e r o l e o f m u l t i v a r i a t e 
a n a l y s i s i s g i v e n i n A p p e n d i x 10 . 
C r e d i t W o r t h i n e s s i s a s p e c i a l i s t t e c h n i q u e d e v e l o p e d and 
u s e d by f i n a n c i a l i n s t i t u t i o n s . The m e t h o d i s e s s e n t i a l l y 
a i m e d a t d e t e r m i n i n g t h e p r o p o s e r s a b i l i t y t o r e p a y a l o a n 
o r t o p a y f o r g o o d s o r s e r v i c e s . C o n c e r n a b o u t t h e 
t e c h n i c a l a n d s o c i o - p o l i t i c a l a s p e c t s o f a p r o p o s a l a r e 
a l m o s t i n c i d e n t a l a n d p e r h a p s l i m i t e d t o a s s e s s i n g t h e 
p r o p o s e r s e x p e r i e n c e i n d o i n g w h a t he s a y s he w a n t s t o do 
a n d a s s e s s i n g h i s c a p a b i l i t y t o do w h a t he s a y s he w a n t s 
t o . W i t t i r e g a r d t o c o m p r e h e n s i v e a s s e s s m e n t C r e d i t 
W o r t h i n e s s g e n e r a t e s i n f o r m a t i o n t h a t w o u l d be a p p r o p r i a t e 
t o i n c l u d e i n s o m e c a s e s i n t h e e c o n o m i c p a r t o f a 
c o m p r e h e n s i v e a s s e s s m e n t . T y p i c a l l y t h i s k i n d o f 
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a s s e s s m e n t w o u l d show how much a l l o w a n c e s h o u l d be made f o r 
p o s s i b l e f a i l u r e o f s u p p l i e r s d u r i n g t h e l i f e o f a p r o j e c t . 
I t c o u l d a l s o b e i n t e g r a t e d i n t o t h e a s s e s s m e n t o f 
c a p a b i l i t y and e x p e r i e n c e d e s c r i b e d i n C h a p t e r 4 . 
D i f f e r e n t i a t i n g b e t w e e n s u p p l e m e n t a r y a n d c o m p l e m e n t a r y 
t e c h n i q u e s i s n o t a s s i m p l e and c l e a r a s t h e w o r d s s u g g e s t . 
I n s e v e r a l c a s e s , p a r t i c u l a r l y F o r e c a s t i n g R e s o u r c e 
A l l o c a t i o n , D e c i s i o n T r e e s , A r b i t r a t i o n a n d C r e d i t 
W o r t h i n e s s , i t i s p o s s i b l e t o v i s u a l i s e t h a t on s u i t a b l e 
o c c a s i o n s t h e t e c h n i q u e s c o u l d f u l f i l e i t h e r s u p p l e m e n t a r y 
o r c o m p l e m e n t a r y r o l e s . I n t h e d i s c u s s i o n t h a t f o l l o w s 
a t t e n t i o n i s c o n c e n t r a t e d on t h e c o m p l e m e n t a r y r o l e , b u t 
w h e r e a p p r o p r i a t e an i n d i c a t i o n i s g i v e n o f t h e p o t e n t i a l 
s u p p l e m e n t a r y r o l e . 
T h e e s s e n t i a l f e a t u r e o f R o b u s t n e s s A n a l y s i s i s 
d e t e r m i n a t i o n o f t h e r a n g e o f p r e d i c t e d v a l u e s t h a t r e s u l t 
f r o m u n c e r t a i n t y i n t h e d a t a a n d t h e f u t u r e s c o n s i d e r e d . 
( 1 0 4 ) I n many w a y s R o b u s t n e s s A n a l y s i s r e p r e s e n t s a f o r m 
o f s e n s i t i v i t y a n a l y s i s . I t h a s a l r e a d y b e e n d e m o n s t r a t e d 
i n C h a p t e r 3 t h a t a t h r e e d i m e n s i o n a l m a t r i x c a n be u s e d t o 
d i s p l a y t h e v a r i a t i o n i n R a n k i n g t h a t c o u l d be e x p e c t e d 
f r o m v a r i a t i o n i n t h e d a t a t h a t h a s t o b e u s e d . T h e 
c o m p l e m e n t a r y f u n c t i o n R o b u s t n e s s A n a l y s i s c o u l d p l a y i n 
r e l a t i o n t o t h e R a n k i n g T e c h n i q u e i s a s an a l t e r n a t i v e to a 
t h r e e d i m e n s i o n a l m a t r i x a s a w a y o f d i s p l a y i n g t h e 
c o n s e q u e n c e s o f v a r i a t i o n s i n t h e d a t a u s e d and t h e f u t u r e 
c o n s i d e r e d . 
F o r e c a s t i n g t h e f u t u r e i s i n h e r e n t l y f a l l i b l e , no m a t t e r 
how g o o d t h e c r y s t a l b a l l o r t h e o r a c l e t h a t i s c o n s u l t e d 
( 1 0 6 ) . O n l y i f t h e r e i s e x t e n s i v e e x p e r i e n c e w i t h t h e 
s u b j e c t o f a p r o p o s a l a n d i f t h e e n v i r o n m e n t i n w h i c h t h e 
p r o p o s a l i s t o be r e a l i s e d i s e x a c t l y t h e s a m e a s p a s t 
e x p e r i e n c e i s t h e r e a n y c h a n c e o f c o r r e c t l y f o r e c a s t i n g 
t h e o u t c o m e o f a p r o p o s a l . I n t h e R a n k i n g T e c h n i q u e , t h e r e 
i s an e l e m e n t o f f o r e c a s t i n g t h e l i k e l y o u t c o m e o f a 
p r o p o s a l a s l i f e a n d r e t u r n on i n v e s t m e n t h a v e t o be 
i n v e s t i g a t e d . By t h e i r v e r y n a t u r e a i d s t o d e c i s i o n m a k i n g 
b u i l d up t h e i r c o n c l u s i o n s on e s t i m a t e s o f o u t c o m e s . To 
h e l p s o l v e t h i s p r o b l e m t h e i n f l u e n c e o f v a r i a t i o n s i n t h e 
d a t a u s e d f o r R a n k i n g c a n be e x p l o r e d i n a s y s t e m a t i c w a y , 
a s a l r e a d y d e s c r i b e d . 
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R e s o u r c e a l l o c a t i o n p r o v i d e s a w a y o f c o m p a r i n g a n d 
o p t i m i s i n g t h e b e n e f i t o r p r o f i t f r o m p a r t i c u l a r c o u r s e s o f 
a c t i o n . ( 9 8 ) G e n e r a l l y t h e c o m p a r i s o n i s b a s e d on t h e 
p a r a m e t e r s o f t o t a l b e n e f i t a n d t o t a l c o s t . T h e m e t h o d 
c o u l d p e r h a p s be u s e d a s a s i m p l i f i e d a l t e r n a t i v e f o r 
a s s e s s i n g t h e a c c e p t a b i l i t y o f e c o n o m i c f a c t o r s f o r 
R a n k i n g . I f u s e d i n s u c h a way c a r e w o u l d h a v e t o be t a k e n 
t o e n s u r e t h a t n e t b e n e f i t s w e r e m e a s u r e d i n t h r o u g h l i f e 
t e r m s . T h e m e t h o d d o e s n o t h a v e t h e p o t e n t i a l f o r b e i n g 
d e v e l o p e d i n t o a c o m p r e h e n s i v e a s s e s s m e n t t e c h n i q u e w h i c h 
o p t i m i s e s b e n e f i t i n t e r m s o f t e c h n i c a l , e c o n o m i c a n d 
s o c i o - p o l i t i c a l f a c t o r s . 
To be a b l e t o d e r i v e t h e e q u a t i o n s f o r r e g r e s s i o n a n a l y s i s 
t h e r e h a s t o be r e l e v a n t d a t a a v a i l a b l e t h a t c a n be u s e d 
f o r t h e d e r i v a t i o n o f c o n s t a n t s . W i t h o u t s u c h d a t a t h e 
e q u a t i o n s a r e no m o r e t h a n i n t u i t i v e g u e s s e s . When t h e 
d e c i s i o n i n v o l v e s some n o v e l p r o c e s s f o r w h i c h t h e r e i s no 
d a t a r e g r e s s i o n a n a l y s i s h a s no r e a l r o l e . I t c o u l d be 
u s e d f o r a s s e s s i n g t h e c o n f i d e n c e i n s o m e f a c t o r s . F o r 
e x a m p l e r e g r e s s i o n a n a l y s i s c o u l d be u s e d t o e s t i m a t e t h e 
o v e r s p e n d t y p i c a l l y a s s o c i a t e d w i t h g o v e r n m e n t f u n d e d n o v e l 
p r o j e c t s o r i t c o u l d be u s e d to e s t i m a t e t h e p r o p o r t i o n o f 
t h e p o p u l a t i o n l i k e l y t o b e o p p o s e d t o s i t i n g a p e t r o -
c h e m i c a l p l a n t n e a r a r e s i d e n t i a l a r e a . ( 1 0 8 ) T h i s m e a n s 
t h a t t h e r o l e o f r e g r e s s i o n a n a l y s i s i n r e l a t i o n t o 
c o m p r e h e n s i v e a s s e s s m e n t i s l i m i t e d t o h e l p i n g t o d e t e r m i n e 
t h e l i k e l y m a g n i t u d e o f s u b - f a c t o r s u s e d i n t h e a s s e s s m e n t 
o f f a c t o r R a n k i n g s c o r e s i n R i s k R a n k i n g . 
D e c i s i o n t r e e s a r e u s e d i n s e v e r a l g u i s e s , w h i c h c a n 
i n c l u d e i n f l u e n c e d i a g r a m s a n d e v e n t t r e e s . ( 1 0 0 ) ( 1 0 6 ) 
E s s e n t i a l l y t h e t e c h n i q u e h e l p s t o s t r u c t u r e t h e 
d e c o m p o s i t i o n o f a d e c i s i o n i n t o i t s c o m p o n e n t p a r t s w h i c h 
c a n t h e n be a n a l y s e d . P r o v i d e d a p p r o p r i a t e d a t a a r e 
a v a i l a b l e t h e m e t h o d c a n s h o w t h e s i g n i f i c a n c e o f t h e 
i n d i v i d u a l c o m p o n e n t s and i d e n t i f y w h e r e c h a n g e s a r e m o s t 
r e q u i r e d t o m a k e a p a r t i c u l a r o p t i o n m o r e a c c e p t a b l e . 
A l t h o u g h t h e u s e o f d e c i s i o n t r e e s i s m a i n l y i n h e l p i n g to 
b u i l d up an u n d e r s t a n d i n g o f t h e s i g n i f i c a n c e o f t h e 
i n d i v i d u a l f a c t o r s , a d e c i s i o n t r e e c o u l d be c o n s t r u c t e d i n 
a w a y t h a t o n e b r a n c h r e p r e s e n t e d t e c h n i c a l f a c t o r s a n d 
o t h e r b r a n c h e s r e p r e s e n t e d e c o n o m i c a n d s o c i o - p o l i t i c a l 
f a c t o r s . 
112 
A r b i t r a t i o n i s a d i f f i c u l t f o rm of a n a l y s i s t o c a t e g o r i s e . 
I t can be used to assess the room t h a t n e g o t i a t i n g p a r t i e s 
have to manoeuvre i n i n o rde r to f i n d a m u t u a l l y - a g r e e a b l e 
s e t t l e m e n t . The t e c h n i q u e c o u l d p r o v i d e a u s e f u l bas i s f o r 
a s s e s s i n g the s i g n i f i c a n c e of s o c i o - p o l i t i c a l f a c t o r s f o r 
comprehens ive assessment . A lso the t echn ique cou ld be used 
t o n e g o t i a t e a c c e p t a n c e o f t h e f i n a l R a n k i n g o f 
a c c e p t a b i l i t y w i t h t h e p a r t i e s i n v o l v e d i n mak ing t he 
d e c i s i o n about wh i ch o p t i o n i s most a c c e p t a b l e . 
T h i s b r i e f r e v i e w o f t h e ma in t y p e s o f d e c i s i o n mak ing 
a i d s , w h i c h c o u l d be c o n s i d e r e d as o f f e r i n g t h e d e c i s i o n 
m a k e r an a l t e r n a t i v e t o t h e R i s k R a n k i n g T e c h n i q u e , 
sugges ts s e v e r a l c o n c l u s i o n s are j u s t i f i e d . The c r i t e r i a 
used t o d e t e r m i n e t h e j u s t i f i c a t i o n f o r t h e c o n c l u s i o n s 
a r e : -
1) Does t h e a l t e r n a t i v e i m p r o v e t h e c o m p r e h e n s i v e 
a s s e s s m e n t o f t h e t e c h n i c a l , economic and s o c i o -
p o l i t i c a l f a c t o r s a s s o c i a t e d w i t h a p a r t i c u l a r 
dec i s i on . 
2) I s the asssessment t h a t the a l t e r n a t i v e t echn ique g i ves 
t r a n s p a r e n t and e a s i l y d e f e n s i b l e to both the media and 
the l ay p u b l i c . 
3) Does t he a l t e r n a t i v e g i v e a b e t t e r a s s e s s m e n t o f the 
s i g n i f i c a n c e o f p o s s i b l e v a r i a t i o n s i n d a t a and the 
e n v i r o n m e n t i n wh ich the d e c i s i o n has to be implemented 
than the Risk Ranking Techn ique . 
4) I s t h e a l t e r n a t i v e f l e x i b l e and can i t be a d j u s t e d t o 
g i v e c o n s i s t e n t r e s u l t s f o r v a r i o u s f a m i l i e s o f 
d e c i s i o n s . 
One i m p o r t a n t genera l c o n c l u s i o n t h a t must be recogn i zed i s 
t h a t t h e e f f i c a c y o f any t e c h n i q u e depends on t he q u a l i t y 
o f t h e d a t a t h a t can be u s e d . For an a s s e s s m e n t t o be 
b a l a n c e d t h e d a t a a b o u t each o p t i o n mus t be o f s i m i l a r 
q u a 1 i t y . 
The n a t u r a l l a n g u a g e a l t e r n a t i v e s s u c h a s : d i r e c t 
p r e s e n t a t i o n of e v i d e n c e , d i r e c t recommenda t ion , r ev iew by 
e x p e r t s and p u b l i c d e b a t e do n o t g i v e r e s u l t s t h a t a re 
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i n h e r e n t l y more r e l i a b l e t h a n t he R isk R a n k i n g . The 
p r o b l e m w i t h such methods i s t h a t t h e y can be b i a s e d by 
the v iews o f the people i n v o l v e d . 
Sys tem A n a l y s i s does n o t r e a l l y j u s t i f y t he t i t l e o f a 
c o m p r e h e n s i v e a l t e r n a t i v e . The main m e r i t o f System 
A n a l y s i s i s t h a t i t s t r u c t u r e s t h e i d e n t i f i c a t i o n o f t he 
a c t o r s and i n t e r a c t i o n s t h a t s h o u l d be c o n s i d e r e d . The 
me thod c o u l d s u g g e s t w e i g h t i n g s t h a t s h o u l d be g i v e n t o 
p a r t i c u l a r f a c t o r s t h a t have t o be c o n s i d e r e d i n a r r i v i n g 
a t a d e c i s i o n . 
Bo th s t a t i s t i c a l and c o m p u t e r t e c h n i q u e s can h e l p t o 
u n d e r s t a n d the s i g n i f i c a n c e of the data a v a i l a b l e . In cases 
where computer s i m u l a t i o n i s p o s s i b l e i t may g i ve i n s i g h t s 
i n t o t h e way m a j o r p a r a m e t e r s o f t h e d e c i s i o n v a r y . The 
v a l u e o f such e x p l o r a t i o n s i s o f c o u r s e l i m i t e d by the 
q u a l i t y o f the data used and the model used. 
M u l t i v a r i a t e a n a l y s i s and Comprehensive Risk Ranking can be 
c o n s i d e r e d as members o f t he same f a m i l y o f s t a t i s t i c a l 
methods. M u l t i v a r i a t e a n a l y s i s r e q u i r e s c o n s t r u c t i o n of a 
s y s t e m o f e q u a t i o n s t h a t f u l l y d e s c r i b e t h e d e c i s i o n 
o p t i o n s . W i t h o u t r e l e v a n t data to a l l o w the c o n s t a n t s and 
i n d i c e s i n t h e v a r i o u s e q u a t i o n s t o be d e t e r m i n e d t he 
me thod r e a l l y o n l y amoun ts t o a t h e o r e t i c a l n o v e l t y . I f 
r e l e v a n t d a t a i s a v a i l a b l e t h e method c o u l d be used to 
b u i l d a computer s i m u l a t i o n model o f the d e c i s i o n process . 
The RISIKO-DIALOG program be ing deve loped i s an example of 
such a mode l . 
Of t h e s u p p l e m e n t a r y t e c h n i q u e s c o n s i d e r e d s o f t sys tem 
m e t h o d o l o g y and c o g n i t i v e mapp ing m a i n l y have a r o l e i n 
i d e n t i f y i n g a c t i o n s and i n t e r a c t i o n s t h a t have t o be 
c o n s i d e r e d . Game T h e o r y , R i s k A n a l y s i s and P r o b a b i l i t y 
M o d e l l i n g are e s s e n t i a l l y concerned w i t h t r y i n g to q u a n t i f y 
t h e p o s s i b l e o u t c o m e s o f t h e v a r i o u s o p t i o n s c o n s i d e r e d . 
They can a l s o be used t o e x p l o r e t h e i m p l i c a t i o n s o f 
v a r i o u s p o s s i b l e f u t u r e s . The e x p l o r a t i o n o f p o s s i b l e 
f u t u r e s w i t h t h e R i sk R a n k i n g T e c h n i q u e has n o t been 
d i s c u s s e d , so f a r , b u t e x p l o r a t i o n o f p o s s i b l e f u t u r e s 
c o u l d s i m p l y be c o n s i d e r e d as a f u r t h e r s t a g e o f 
i n v e s t i g a t i n g the consequences o f v a r i a t i o n i n da ta . 
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C r e d i t Wor th i ness i s on l y an assessment o f an o r g a n i s a t i o n s 
f i n a n c i a l s t r e n g t h and a b i l i t y to deal w i t h a c e r t a i n l e v e l 
o f f i n a n c i a l c o m m i t m e n t , i t does n o t i m p l y any j u d g e m e n t 
about t he v a l u e of the work they do. I t c o u l d fo rm p a r t of 
t h e a s s e s s m e n t o f an o r g a n i s a t i o n s c a p a b i l i t y and 
e x p e r i e n c e . 
Of the comp lementa ry a l t e r n a t i v e s Robustness A n a l y s i s and 
F o r e c a s t i n g T e c h n i q u e s can be g r o u p e d t o g e t h e r as t h e i r 
s p e c i a l c o n t r i b u t i o n i s r a t i n g the a c c e p t a b i l i t y o f o p t i o n s 
under v a r i o u s p o s s i b l e f u t u r e e n v i r o n m e n t s . I n t e r e s t i n 
t h e t e c h n i q u e s i s n o t t h a t t h e y endow t he a n a l y s i s o f 
p o s s i b l e f u t u r e c o n d i t i o n s w i t h s p e c i a l accuracy but more 
t h a t they draw a t t e n t i o n to the need f o r the d e c i s i o n maker 
t o c o n s i d e r the f u t u r e may be d i f f e r e n t f rom e x p e c t a t i o n . 
R e g r e s s i o n A n a l y s i s , i n c l u d i n g m u l t i v a r i a t e a n a l y s i s , 
assume f u t u r e e x p e r i e n c e w i l l have a f o r m t h a t can be 
r e l a t e d m a t h e m a t i c a l l y to pas t e x p e r i e n c e . To even s t a r t 
on such a n a l y s i s r e l e v a n t d a t a i s r e q u i r e d . Perhaps t he 
mos t t h a t can be s a i d f o r R e g r e s s i o n A n a l y s i s i s t h a t , i f 
data i s a v a i l a b l e , i t may i d e n t i f y p o s s i b l e f u t u r e s . 
D e c i s i o n T r e e s h e l p t o b u i l d up a p i c t u r e o f t h e 
r e l a t i o n s h i p between s u b s i d i a r y d e c i s i o n s and the o v e r a l l 
v i e w , t h e e f f i c a c y o f t he method depends on the d a t a 
a v a i l a b l e . 
A r b i t r a t i o n i s a r a t h e r d i f f e r e n t k i n d o f t echn ique and i s 
more r e l a t e d t o the n a t u r a l language t echn iques ment ioned 
as p o s s i b l e comprehens ive a l t e r n a t i v e s . The s p e c i a l m e r i t 
o f t h e t e c h n i q u e i s t h a t w i t h a p p r o p r i a t e a r b i t r a t o r s i t 
c o u l d p r o v i d e a way o f r e a c h i n g a g r e e m e n t on how s o c i o -
p o l i t i c a l i s s u e s can be s o l v e d . The s u c c e s s o f t h e 
a r b i t r a t i o n b e i n g r e l a t e d t o t h e e x t e n t t o w h i c h t h e 
a r b i t r a t o r s r e p r e s e n t the p o p u l a t i o n i n v o l v e d and are aware 
o f the p o p u l a t i o n ' s v i e w s . 
From t h i s e x a m i n a t i o n of p o s s i b l e a l t e r n a t i v e s to the Risk 
R a n k i n g T e c h n i q u e f o r c o m p r e h e n s i v e a s s e s s m e n t t he f i n a l 
c o n c l u s i o n t h a t appears t o be w a r r a n t e d i s t h a t a p a r t f rom 
compute r s i m u l a t i o n and m u l t i v a r i a t e a n a l y s i s none of the 
t e c h n i q u e s c o n s i d e r e d i s q u i t e as comprehens ive i n concept 
as t h e R i sk R a n k i n g T e c h n i q u e . Many o f t he t e c h n i q u e s 
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c o n s i d e r e d have t h e i r own s p e c i a l i s t n i c h e , even though 
t h e y a r e n o t c o m p l e t e a l t e r n a t i v e s t o c o m p r e h e n s i v e 
a s s e s s m e n t . D e s p i t e n o t b e i n g an a l t e r n a t i v e t h e y can 
s t i l l p r o v i d e v a l u a b l e i n p u t s . 
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CHAPTER 8 
Comparison of the E f f i c a c y of A l t e r n a t i v e Methods of A n a l y s i s 
To assess the v a l i d i t y o f the v iews expressed i n Chapter 7 
a b o u t t h e e f f i c a c y o f t he methods o f a s s e s s i n g the r i s k 
a c c e p t a b i l i t y t h e p o t e n t i a l e f f i c a c y was t e s t e d on t h r e e 
w e l l known m a j o r p r o j e c t s t h a t had been d e s c r i b e d by 
C h i c k e n i n r e f . 12. The t h r e e cases c o n s i d e r e d w e r e : - t he 
p r o p o s a l f o r a new o i l r e f i n e r y on Canvey I s l a n d , t he 
p roposa l f o r a l i q u i f i e d n a t u r a l gas t e r m i n a l a t Ri jnmond 
i n the N e t h e r l a n d s and the Channel C ross ing p r o p o s a l . The 
d e s c r i p t i o n of the cases i s based c l o s e l y on t h a t g iven i n 
r e f . 12 , b u t t h e c o m p a r i s o n o f t h e methods o f a n a l y s i s i s 
new. The p e r s p e c t i v e f r o m w h i c h t he e f f i c a c y o f t he 
v a r i o u s methods i s j udged i s t h a t of the person r e s p o n s i b l e 
f o r d e c i d i n g w h i c h d e c i s i o n o p t i o n s h o u l d be a d o p t e d . I t 
i s assumed t h a t t h e d e c i s i o n maker w i l l w i s h t o have a 
comprehens ive assessment o f the a c c e p t a b i l i t y of the r i s k s 
a s s o c i a t e d w i t h each o p t i o n . 
The assessment methods c o n s i d e r e d a r e : -
( 1 ) S imp le d i r e c t p r e s e n t a t i o n of the ev idence a v a i l a b l e 
w i t h gu idance about wh ich o p t i o n i s most a c c e p t a b l e . 
( 2 ) D i r e c t n a t u r a l l a n g u a g e r e c o m m e n d a t i o n s a b o u t 
a c c e p t a b i 1 i t y . 
(3) Review by e x p e r t s . 
( 4 ) P u b l i c d e b a t e . 
( 5 ) System a n a l y s i s . 
( 6 ) S t a t i s t i c a l a n a l y s i s o f the o p t i o n s . 
( 7 ) Computer ised s i m u l a t i o n a n a l y s i s o f the o p t i o n s . 
( 8 ) S o f t system methodo logy . 
( 9 ) C o g n i t i v e mapping. 
(10 ) Game t h e o r y . 
(11) Risk a n a l y s i s . 
(12 ) P r o b a b i l i t y m o d e l l i n g . 
(13 ) M u l t i v a r i a t e a n a l y s i s . 
( 14 ) Robustness a n a l y s i s . 
(15 ) F o r e c a s t i n g t e c h n i q u e . 
( 16 ) Resource a l l o c a t i o n . 
( 17 ) Regress ion a n a l y s i s . 
( 18 ) D e c i s i o n t r e e s . 
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( 19 ) A r b i t r a t i o n . 
In e x a m i n i n g the methods, p a r t i c u l a r a t t e n t i o n i s g iven to 
d e t e r m i n i n g t o wha t e x t e n t t h e y g i v e a c o m p l e t e and 
comprehens ive assessment o f the o p t i o n s the d e c i s i o n maker 
has t o c o n s i d e r . The e v a l u a t i o n o f t he t h r e e cases i s as 
f o l 1 o w s : -
The Canvey I s l a n d P r o j e c t 
The Canvey I s l a n d p r o j e c t i n v o l v e d a p r o p o s a l by U n i t e d 
R e f i n e r i e s L t d . , t o b u i l d an o i l r e f i n e r y w i t h a c a p a c i t y 
o f f o u r m i l l i o n t o n n e s / y e a r on Canvey I s l a n d . Canvey 
I s l a n d i s l o c a t e d on the Nor th Shore o f the Thames t w e n t y -
s e v e n m i l e s e a s t o f L o n d o n . The i s l a n d m e a s u r e s 
a p p r o x i m a t e l y n i n e m i l e s by two and a h a l f m i l e s . Abou t 
33,000 peop le l i v e i n the area. In the area t he re are tank 
s t o r a g e i n s t a l l a t i o n s f o r : Texaco L t d . and London and 
Coas ta l O i l Wharves L t d . , a l s o the B r i t i s h Gas C o r p o r a t i o n 
have a methane t e r m i n a l t h e r e . Close to Canvey I s l a n d and 
i n t h e g e n e r a l a r e a c o v e r e d by t h e p r o p o s e d d e v e l o p m e n t 
S h e l l U.K. O i l and t h e M o b i l O i l Company have l a r g e o i l 
r e f i n e r i e s , a l s o C a l o r Gas L t d . have a p l a n t f o r f i l l i n g 
c y l i n d e r s w i t h l i q u i f i e d p e t r o l e u m gases. In 1973 o u t l i n e 
consen t t o b u i l d the r e f i n e r y had been g r a n t e d . 
As a r e s u l t o f a P u b l i c I n q u i r y i n t o t h e d e s i r a b i l i t y o f 
r e v o k i n g the p l a n n i n g p e r m i s s i o n t h a t had been g r a n t e d , i n 
1976, the Government asked the Hea l th and Sa fe t y Commission 
t o make an a s s e s s m e n t o f t h e a c c e p t a b i l i t y o f the r i s k s 
a s s o c i a t e d w i t h e x i s t i n g i n s t a l l a t i o n s and the cos t of the 
assessment was £400,000 (108) . Three yea rs a f t e r the f i r s t 
Canvey I s l a n d s t u d y r e p o r t t h e r e s u l t s o f a second more 
d e t a i l e d s tudy of the i ssue were p u b l i s h e d (109). I t i s on 
the b a s i s o f the i n f o r m a t i o n p u b l i s h e d i n these two r e p o r t s 
t h a t t h e a s s e s s m e n t i s made o f t h e p o t e n t i a l o f t he 
v a r i o u s a ids t o d e c i s i o n mak ing. 
From t h e f i r s t s t u d y i t was c o n c l u d e d t h a t t he r i s k s 
a s s o c i a t e d w i t h the v a r i o u s i n d u s t r i a l i n s t a l l a t i o n s would 
be r e d u c e d i f c e r t a i n m o d i f i c a t i o n s w e r e made. The 
c o n c l u s i o n was a l s o drawn t h a t p r o v i d e d c e r t a i n des ign and 
o p e r a t i o n a l c o n d i t i o n s were s a t i s f i e d , t h e r e w o u l d be no 
h e a l t h or s a f e t y o b j e c t i o n t o t h e c o n s t r u c t i o n o f t he 
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proposed new r e f i n e r i e s . The main o b j e c t i v e of the second 
r e p o r t , w h i c h was p u b l i s h e d t h r e e y e a r s a f t e r t he f i r s t , 
was t o show t h e r e s u l t o f m a k i n g t h e m o d i f i c a t i o n s 
i d e n t i f i e d i n t h e f i r s t r e p o r t and t o show t he r e s u l t o f 
i m p r o v e m e n t s i n t h e d a t a and i m p r o v e m e n t s i n t he r i s k 
assessment methodo logy . The f i r s t r e p o r t showed the annual 
r i s k o f d e a t h t o an i n d i v i d u a l i n t h e a rea c o v e r e d by the 
s t u d y was 7.40 x 1 0 " ^ pe r y e a r . I n t he second r e p o r t i t 
was shown t h a t t h e a v e r a g e r i s k f i g u r e had been reduced 
t o 0.35 X 1 0 " ^ per y e a r . 
A t t h e t i m e o f t he f i r s t r e p o r t t h e a c c e p t a b i l i t y o f t he 
l e v e l o f r i s k a s s o c i a t e d w i t h t he p r o j e c t was d o u b t f u l . 
The t e c h n i c a l r i s k s were no t a c c e p t a b l e , as the r e g u l a t o r y 
body r e q u i r e d m o d i f i c a t i o n s t o be made The economic 
a s p e c t s o f t h e r i s k s were j u d g e d t o be a c c e p t a b l e , as the 
owners o f the v a r i o u s i n s t a l l a t i o n s i n v o l v e d were w i l l i n g 
t o m o d i f y them and t o c o n t i n u e t o o p e r a t e t hem. Concern 
a b o u t t h e s o c i o - p o l i t i c a l a s p e c t s was h i g h , as i t was 
c o n s i d e r e d n e c e s s a r y t o h o l d a P u b l i c I n q u i r y and t o 
c o m m i s s i o n d e t a i l e d s t u d i e s o f t h e s i g n i f i c a n c e o f t he 
r i s k s . 
By t h e t i m e t h e second r e p o r t was i s s u e d i n 1 9 8 1 , t he 
s i g n i f i c a n c e o f t h e v a r i o u s f a c t o r s r e l a t e d t o 
a c c e p t a b i l i t y o f r i s k had changed c o n s i d e r a b l y . The work 
done i n the t h r e e yea rs f o l l o w i n g p u b l i c a t i o n of the f i r s t 
r e p o r t a l l o w e d e s t i m a t e s of the t e c h n i c a l s i g n i f i c a n c e of 
the r i s k s t o be reduced , making them more a c c e p t a b l e . The 
e c o n o m i c s o f t h e s i t u a t i o n had changed d r a m a t i c a l l y as 
U n i t e d R e f i n e r i e s d i d no t go ahead w i t h the p r o j e c t . 
The s p e c i a l c h a r a c t e r i s t i c s o f t h i s case are t h a t t h e r e 
we re f o u r ma in a c t o r s who w e r e : - t h e G o v e r n m e n t , t he 
P u b l i c , t h e O i l Company and t he T e c h n i c a l A s s e s s o r s who 
p r o v i d e d the ev idence on wh ich the two r e p o r t s were based. 
Ano ther i m p o r t a n t c h a r a c t e r i s t i c o f the case i s t h a t the 
d e c i s i o n m a k i n g p r o c e s s was v e r y s l o w , i t t ook f i v e y e a r s 
f rom the t i m e the Hea l th and Sa fe t y Commission was asked to 
p repa re the f i r s t r e p o r t to the t i m e the second r e p o r t was 
p r e s e n t e d . By t h e t i m e t h e f i n d i n g s o f t h e second r e p o r t 
were announced. Un i t ed R e f i n e r i e s had l o s t i n t e r e s t i n the 
d e v e l o p m e n t . I t was , a f t e r a l l , n e a r l y t e n y e a r s s i n c e 
t h e y s t a r t e d work on t h e p r o j e c t and t he m a r k e t and 
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t h e i r p l a n s had c h a n g e d . The Canvey I s l a n d c a s e i s 
i n t e r e s t i n g , as i t i s one o f t he f i r s t cases i n w h i c h a 
q u a n t i f i e d a s s e s s m e n t o f t h e t e c h n i c a l a s p e c t s o f t he 
p o t e n t i a l r i s k s t o t h e p u b l i c was p r e s e n t e d t o t h e 
p r o x i m a t e d e c i s i o n m a k e r s . At t he t i m e t h e f i r s t r e p o r t 
was b e i n g p r e p a r e d none o f t h e Compan ies on t he Canvey 
I s l a n d s i t e had q u a n t i f i e d a s s e s s m e n t s o f t he p o t e n t i a l 
h a z a r d s a s s o c i a t e d w i t h t h e i r p l a n t s . T h i s c a s e 
i l l u s t r a t e s the equal i m p o r t a n c e of the t e c h n i c a l , economic 
and s o c i o - p o l i t i c a l f a c t o r s , and t h a t i f one f a c t o r , l i k e 
e c o n o m i c a c c e p t a b i l i t y , shows t h e p r o p o s a l t o be 
u n a c c e p t a b l e the p roposa l as a whole becomes unaccep tab le . 
Now t o c o n s i d e r how t h e e f f i c a c y o f t he R isk Rank ing 
Techn ique a i d t o d e c i s i o n making compares w i t h the p o s s i b l e 
a l t e r n a t i v e s when a p p l i e d t o t h e Canvey I s l a n d . The 
a l t e r n a t i v e s are d i scussed i n the same o rde r t h a t they were 
d e a l t w i t h i n Chapter 7 and as i d e n t i f i e d a t the beg inn ing 
o f t h i s c h a p t e r . F i r s t c o m p r e h e n s i v e a l t e r n a t i v e s a re 
c o n s i d e r e d , then supp lemen ta ry a l t e r n a t i v e s and, f i n a l l y , 
c o m p l i m e n t a r y a l t e r n a t i v e s . 
Seven c o m p r e h e n s i v e a l t e r n a t i v e s were i d e n t i f i e d , t he 
a l t e r n a t i v e s b e i n g : -
( 1 ) D i r e c t p r e s e n t a t i o n on the bas i s of e v i d e n c e . 
( 2 ) D i r e c t n a t u r a l language recommendat ion. 
( 3 ) Review by e x p e r t s . 
( 4 ) P u b l i c d e b a t e . 
( 5 ) Systems a n a l y s i s . 
( 6 ) Some f o r m o f s t a t i s t i c a l a r g u m e n t p e r h a p s based on 
Bayes ian I n f e r e n c e or Fuzzy Data A n a l y s i s . 
( 7 ) Computer s i m u l a t i o n . 
The p r o b l e m w i t h d i r e c t p r e s e n t a t i o n on t he b a s i s o f 
e v i d e n c e o r d i r e c t n a t u r a l l a n g u a g e r e c o m m e n d a t i o n as 
compared w i t h the Risk Ranking Technique i s t h a t they g ive 
t h e p r o p o s e r no advance i n d i c a t i o n o f t he c r i t e r i a t he 
d e c i s i o n maker w i l l adopt to d e t e r m i n e a c c e p t a b i l i t y . The 
d e c i s i o n maker m i g h t have some q u a n t i t a t i v e c r i t e r i a i n 
mind when he makes h i s d e c i s i o n , or he may adopt a form of 
s u b j e c t i v e r e a s o n i n g known on ly to h i m s e l f . In both cases 
t h e r e i s no i n d i c a t i o n o f t he range o f f a c t o r s t o be 
c o n s i d e r e d or w e i g h t g i ven to the v a r i o u s f a c t o r s i n v o l v e d . 
120 
I f t h e s e m e t h o d s had been u s e d i n t h e Canvey I s l a n d 
d e c i s i o n , i t w o u l d n o t have been p o s s i b l e t o show on wha t 
b a s i s the d e c i s i o n was j u s t i f i e d . 
Rev iew by e x p e r t s i s v e r y c l o s e t o wha t a c t u a l l y t ook 
p l a c e . The e x p e r t s i n p r a c t i c e c o n c e n t r a t e d on the r i s k to 
t h e p u b l i c and d i d n o t c o n c e r n t h e m s e l v e s w i t h t h e 
e c o n o m i c s . The s o c i o - p o l i t i c a l i m p l i c a t i o n s were d e a l t 
w i t h by h a v i n g a P u b l i c E n q u i r y . I t c o u l d be a rgued t h a t 
t h e r e v i e w by e x p e r t s was i n t h e Canvey I s l a n d case o n l y 
adv i ce to the d e c i s i o n maker on the t e c h n i c a l a c c e p t a b i l i t y 
o f t h e p r o p o s a l and t h a t t he d e c i s i o n maker was l e f t w i t h 
t h e p r o b l e m o f d e t e r m i n i n g t h e s i g n i f i c a n c e o f t h e o t h e r 
f a c t o r s . H o w e v e r , u l t i m a t e l y t h e r o l e o f e c o n o m i c s was 
c e n t r a l t o the whole d e c i s i o n , as when the proposer dec ided 
t h e r e was no l o n g e r any need f o r the r e f i n e r y t h a t was the 
end o f the p r o j e c t . 
The P u b l i c I n q u i r y and t h e p u b l i c e x a m i n a t i o n o f t he 
o f f i c i a l r e p o r t s on the p roposa l a l l o w e d a c e r t a i n amount 
o f p u b l i c d e b a t e on t h e a c c e p t a b i l i t y o f t he t e c h n i c a l 
aspec ts o f t he p r o p o s a l . The debate was not o f a fo rm t h a t 
a l l o w e d the p u b l i c v iew to be assessed q u a n t i t a t i v e l y in a 
way t h a t c o u l d be b i n d i n g on the d e c i s i o n maker. 
I f t h e p r o p o s e r had used s y s t e m a n a l y s i s he m i g h t have 
i d e n t i f i e d a l l the a c t o r s i n f l u e n c i n g the d e c i s i o n about 
the a c c e p t a b i l i t y o f h i s p r o p o s a l . Th is would have enabled 
him to assess the n a t u r e o f the o p p o s i t i o n t o h i s p roposa l 
and thus d e t e r m i n e the course of a c t i o n he shou ld f o l l o w to 
a v o i d or a t l e a s t m i n i m i z e the i n t e r m i n a b l e de lays he was 
f a c e d w i t h . Sys tem a n a l y s i s does n o t p r o v i d e a d i r e c t 
a l t e r n a t i v e t o t h e R i s k R a n k i n g T e c h n i q u e b u t , by 
i d e n t i f y i n g a c t o r s c o n c e r n e d , i t can h e l p by s t r u c t u r i n g 
the a s s e s s m e n t o f s o c i o - p o l i t i c a l f a c t o r s . 
In c o n s i d e r i n g the e f f i c a c y of advanced s t a t i s t i c a l methods 
c o m p a r e d w i t h t h e R a n k i n g T e c h n i q u e , i t i s i m p o r t a n t t o 
remember t h a t the Ranking Technique i s i n t ended to p rov ide 
the d e c i s i o n maker w i t h a r a t i o n a l , c o h e r e n t and c o n s i s t e n t 
way o f m a k i n g d e c i s i o n s w h i c h i s t r a n s p a r e n t and 
u n d e r s t a n d a b l e by the l a y p u b l i c . The most u s e f u l r o l e of 
a d v a n c e d s t a t i s t i c a l me thods i s i n h e l p i n g t h e d e c i s i o n 
m a k e r ' s s u p p o r t i n g team t o assess t he s i g n i f i c a n c e o f t he 
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e v i d e n c e a v a i l a b l e . The methods i n t h e m s e l v e s do no t 
p r o v i d e a comprehens ive assessment o f the proposa l of the 
t ype g i ven by the Ranking Techn ique . 
The f e a s i b i l i t y o f d e v e l o p i n g a c o m p u t e r s i m u l a t i o n as a 
p o t e n t i a l a i d t o d e c i s i o n m a k i n g i s a v e r y c o m p l e x 
q u e s t i o n . I f a l l the i n f o r m a t i o n r e l a t e d to a d e c i s i o n i s 
known and the way the v a r i a b l e s are i n t e r c o n n e c t e d i s known 
a sound s i m u l a t i o n model o f the a c c e p t a b i l i t y of a proposa l 
can be c o n s t r u c t e d , w h i c h w i l l a l l o w t he i m p l i c a t i o n s o f 
t h e u n c e r t a i n t i e s a s s o c i a t e d w i t h t h e v a r i a b l e s and 
i n t e r c o n n e c t i o n s t o be e x p l o r e d . The R I S I K O - D I A L O G 
p r o g r a m , m e n t i o n e d i n C h a p t e r 7, i s an examp le o f such a 
p r o g r a m . R i s k R a n k i n g c o u l d be b u i l t i n t o t h e p r o g r a m so 
t h a t t h e R i s k R a n k i n g c o u l d be e x p l o r e d . W i t h a d e c i s i o n 
r e l a t e d t o a n o v e l p r o j e c t f o r w h i c h t h e r e i s no 
s u b s t a n t i a l b o d y o f d a t a , t h e b e n e f i t o f c o m p u t e r 
s i m u l a t i o n a p p e a r s d o u b t f u l as t h e r e w o u l d be no da ta on 
w h i c h t o base t h e s i m u l a t i o n . I n such c i r c u m s t a n c e s t he 
s i m p l i c i t y o f the Risk Ranking Technique seems to have the 
a d v a n t a g e o f speed and s i m p l i c i t y o v e r c o m p l e t e and 
c o m p r e h e n s i v e c o m p u t e r s i m u l a t i o n o f t he w h o l e d e c i s i o n 
p r o c e s s . 
S i x s u p p l e m e n t a r y a l t e r n a t i v e s t o R i s k R a n k i n g 
were i d e n t i f i e d i n Chapter 7. They a r e : -
( 1 ) S o f t System Methodo logy . 
( 2 ) C o g n i t i v e Mapping. 
( 3 ) Game Theory . 
( 4 ) Risk A n a l y s i s . 
( 5 ) P r o b a b i l i t y M o d e l l i n g . 
( 6 ) M u l t i v a r i a t e A n a l y s i s . 
The comment on the p o t e n t i a l r o l e and c o m p a r a t i v e va lue of 
S o f t System Methodo logy i s very s i m i l a r t o what has a l ready 
been m e n t i o n e d unde r C o m p r e h e n s i v e A l t e r n a t i v e s abou t 
Sys tem A n a l y s i s . S o f t Sys tem M e t h o d o l o g y can h e l p t o 
i d e n t i f y t h e f a c t o r s t h a t s h o u l d be c o n s i d e r e d i n t he 
assessment o f t he a c c e p t a b i l i t y o f v a r i o u s o p t i o n s . I f , i n 
t h e Canvey I s l a n d c a s e . U n i t e d R e f i n e r i e s L t d had 
i d e n t i f i e d a l l the groups who would be concerned w i t h t h e i r 
p r o p o s a l and had a s s e s s e d t he s t r e n g t h s o f t he g roups and 
what was r e q u i r e d to s a t i s f y them, they m igh t have saved a 
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l o t o f de lay i n a d e c i s i o n be ing reached. In o the r words , 
t h e c o n c l u s i o n i s t h a t S o f t Sys tem M e t h o d o l o g y can h e l p 
R i s k R a n k i n g by i d e n t i f y i n g f a c t o r s t h a t s h o u l d be 
c o n s i d e r e d i n b u i l d i n g a R a n k i n g s y s t e m , b u t S o f t System 
Methodo logy i n no way r e p l a c e s Risk Ranking. 
C o g n i t i v e Mapp ing c o u l d , where t he d e c i s i o n i s n o v e l , a i d 
those assess i ng the o p t i o n s by h e l p i n g t o i d e n t i f y e x a c t l y 
w h a t c r i t e r i a a r e a p p r o p r i a t e f o r d e t e r m i n i n g t h e 
a c c e p t a b l i t y o f the o p t i o n s a v a i l a b l e . C o g n i t i v e Mapping 
c o u l d be r e g a r d e d as an a i d f o r h e l p i n g t h e d e c i s i o n 
a s s e s s o r t o d e c i d e , f o r a p a r t i c u l a r f a m i l y o f d e c i s i o n s , 
what c r i t e r i a shou ld be used to assess the o p t i o n s . 
Game T h e o r y , p a r t i c u l a r l y when m i x e d mo ' t i ve games a re 
c o n s i d e r e d , and the Risk Ranking Technique can have r o l e s 
i n w h i c h t h e y s u p p o r t e a c h o t h e r . The i n f o r m a t i o n 
c o l l e c t e d f o r Risk Ranking can he lp the mixed mot i ve game 
assessor to e x p l o r e p o s s i b l e outcomes more r e a l i s t i c a l l y . 
The t h r e e d i m e n s i o n a l m a t r i x o f R a n k i n g , F i g . 2 , shows how 
p o s s i b l e o u t c o m e s can be r a t e d . To a c e r t a i n e x t e n t , t he 
e s s e n t i a l e l e m e n t s o f Game Theo ry c o u l d be c o n s i d e r e d as 
b e i n g b u i l t i n t o R isk R a n k i n g . I f t he p o t e n t i a l o f R isk 
R a n k i n g o r Game T h e o r y had been e x p l o i t e d i n t h e Canvey 
I s l a n d c a s e , p e r h a p s some o f t h e a c t o r s w o u l d have 
w i t h d r a w n f r o m a v e r y p r o t r a c t e d game w i t h a n e g a t i v e 
ou tcome. 
Risk A n a l y s i s i s a gene r i c te rm t h a t covers many methods of 
a n a l y s i s , most be ing concerned w i t h a t t e m p t i n g to q u a n t i f y 
v a r i o u s aspec ts o f the r i s k a s s o c i a t e d w i t h a d e c i s i o n , the 
o v e r a l l e s t i m a t e be ing b u i l t up f rom the v a r i o u s components 
o f t h e s y s t e m s i n v o l v e d . G e n e r a l l y , r i s k i s assessed i n 
e i t h e r t e c h n i c a l o r f i n a n c i a l t e r m s . The Canvey I s l a n d 
r e p o r t s ( 1 0 8 ) ( 109 ) a r e good i l l u s t r a t i o n s o f t he way 
d e f i n i t i o n o f t e c h n i c a l r i s k a c c e p t a b i l i t y c r i t e r i a 
a s s o c i a t e d w i t h a p a r t i c u l a r p r o j e c t may be d e v e l o p e d 
i t e r a t i v e l y and t h e t i m e and e f f o r t r e q u i r e d t o d e v e l o p 
e v i d e n c e t h a t t h e c r i t e r i a have been s a t i s f i e d . The Risk 
Ranking Technique i s an a t t e m p t t o ex tend c o n v e n t i o n a l r i s k 
a n a l y s i s , so t h a t by t a k i n g a c c o u n t o f t h e r i s k o r 
u n c e r t a i n t y a s s o c i a t e d w i t h t h e t e c h n i c a l , economic and 
s o c i o - p o l i t i c a l a s p e c t s o f a p r o p o s a l , a c o m p r e h e n s i v e 
a s s e s s m e n t i s b u i l t up o f t h e a c c e p t a b i l i t y o f t he r i s k s 
123 
i n v o l v e d . 
The remarks j u s t made about Risk A n a l y s i s apply e q u a l l y to 
P r o b a b i l i t y M o d e l l i n g ; f o r t he p u r p o s e o f t h i s s t u d y the 
two te rms c o u l d be c o n s i d e r e d as synonymous. 
The use of M u l t i v a r i a t e A n a l y s i s , p a r t i c u l a r l y i n the form 
env i saged by H i l t o n (105 ) , c o n s i s t s e s s e n t i a l l y of b u i l d i n g 
up a m a t h e m a t i c a l model f o r assess ing the a c c e p t a b i l i t y of 
t h e o p t i o n s r e l a t e d t o a p a r t i c u l a r p r o p o s a l . Such a 
m a t h e m a t i c a l model w o u l d be a p r e - r e q u i s i t e f o r t h e 
c o n s t r u c t i o n of a computer s i m u l a t i o n of the type ment ioned 
i n C h a p t e r 7 as a p o s s i b l e c o m p r e h e n s i v e a l t e r n a t i v e t o 
R i sk R a n k i n g , No a t t e m p t was made t o a p p l y m u l t i v a r i a t e 
a n a l y s i s or c o m p u t e r s i m u l a t i o n t o t he a s s e s s m e n t o f t he 
Canvey I s l a n d p r o j e c t , p o s s i b l y because o f t h e e x t e n s i v e 
d a t a and a n a l y t i c a l e f f o r t r e q u i r e m e n t s t o c o n s t r u c t 
a d e q u a t e m a t h e m a t i c a l mode ls o f a c o m p l e x i s s u e l i k e the 
Canvey I s l a n d d e c i s i o n . 
Each of the supp lemen ta ry a l t e r n a t i v e s cons ide red c o u l d , to 
a c e r t a i n e x t e n t , h e l p t h e e x p l o i t a t i o n o f R isk Rank ing 
methodo logy d e t e r m i n e the bes t d e c i s i o n . The S o f t System 
r e l a t e d m e t h o d o l o g i e s can h e l p i d e n t i f y t he a c t o r s t h a t 
s h o u l d be c o n s i d e r e d , and t he m a t h e m a t i c a l l y r e l a t e d 
methods can he lp the q u a n t i f i c a t i o n of the s i g n i f i c a n c e of 
the v a r i o u s f a c t o r s . In p r a c t i c e , Risk A n a l y s i s , us ing the 
t e r m r i s k t o mean p o s s i b l e harm t o t h e p u b l i c , was the o n l y 
t e c h n i q u e a p p l i e d i n t h e a s s e s s m e n t o f t he Canvey I s l a n d 
case . 
S i x c o m p l e m e n t a r y a l t e r n a t i v e s t o t h e R i s k R a n k i n g 
Technique were i d e n t i f i e d i n Chapter 7. The a l t e r n a t i v e s 
i d e n t i f i e d a r e : -
( 1 ) Robustness A n a l y s i s . 
(2) F o r e c a s t i n g T e c h n i q u e . 
( 3 ) Resource A l l o c a t i o n . 
( 4 ) Regress ion A n a l y s i s . 
( 5 ) D e c i s i o n T rees . 
( 6 ) A r b i t r a t i o n . 
By t h e i r n a t u r e c o m p l e m e n t a r y a l t e r n a t i v e s t o R isk 
R a n k i n g a re n o t s t r i c t l y a l t e r n a t i v e s , more e x a c t l y t h e y 
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are me thods t h a t add some deeper u n d e r s t a n d i n g o f t he 
s i g n i f i c a n c e o f t h e f a c t o r s t h a t i n f l u e n c e t h e 
a c c e p t a b i l i t y o f a d e c i s i o n o p t i o n . Bo th Robus tness 
A n a l y s i s and F o r e c a s t i n g Techniques a t t e m p t to take account 
o f p o s s i b l e f u t u r e s i t u a t i o n s i n w h i c h t h e d e c i s i o n s are 
e x p e c t e d t o be e f f e c t i v e . The R isk R a n k i n g T e c h n i q u e , as 
d e s c r i b e d , i s i n t e n d e d t o be a p p l i e d t o a s s e s s i n g the 
a c c e p t a b i l i t y o f the v a r i o u s d e c i s i o n o p t i o n s on the bas is 
o f t h e i r t h rough l i f e i m p l i c a t i o n s , wh ich i m p l i e s a range 
o f p o s s i b l e f u t u r e s have t o be c o n s i d e r e d . I f U n i t e d 
R e f i n e r i e s had been ab le to p r e d i c t the d e l a y s , changes i n 
m a r k e t c o n d i t i o n s and t h e i s s u e s r a i s e d by the t e c h n i c a l 
r i s k assessment , they m igh t not have embarked on the Canvey 
I s l a n d p r o j e c t . 
R e s o u r c e A l l o c a t i o n g e n e r a l l y a t t e m p t s t o compare the 
m e r i t s o f o p t i o n s i n t e r m s o f t he r e l a t i o n s h i p o f t o t a l 
b e n e f i t and t o t a l c o s t . T h i s a p p r o a c h i g n o r e s s o c i o -
p o l i t i c a l p r o b l e m s and q u e s t i o n s a b o u t t he t e c h n i c a l 
f e a s i b i l i t y o f an o p t i o n . I t assumes t he s i g n i f i c a n c e o f 
a l l f a c t o r s a s s o c i a t e d w i t h a d e c i s i o n can be measured i n 
money t e r m s . Resou rce A l l o c a t i o n does n o t r e a l l y o f f e r a 
c o m p r e h e n s i v e a s s e s s m e n t o f t he t y p e o f f e r e d by the R isk 
Ranking Technique and i t does not seem to be a method t h a t 
wou ld have he lped the Canvey I s l a n d d e c i s i o n makers. 
R e g r e s s i o n A n a l y s i s and D e c i s i o n T rees a re t o o l s t h a t t he 
a s s e s s o r uses t o b u i l d up t he i n f o r m a t i o n r e q u i r e d i n t he 
c o n s t r u c t i o n o f t he R isk R a n k i n g . The u s e f u l n e s s of 
R e g r e s s i o n A n a l y s i s depends t o a l a r g e e x t e n t on the 
d e c i s i o n b e i n g one o f a f a m i l y o f d e c i s i o n s abou t w h i c h 
t h e r e are r e l e v a n t da ta . U n i t e d R e f i n e r i e s should have had 
s u f f i c i e n t e x p e r i e n c e i n b u i l d i n g r e f i n e r i e s and been able 
t o p r e d i c t t h e k i n d o f d e l a y s t o e x p e c t i f t h e y d i d no t 
p r e s e n t a t e c h n i c a l l y j u s t i f i e d c a s e . D e c i s i o n T rees can 
be used t o b u i l d up an o v e r a l l a s s e s s m e n t o f a p r o j e c t by 
c o n s t r u c t i n g the t r e e f rom the v a r i o u s components t h a t the 
d e c i s i o n can be decomposed i n t o . D e c i s i o n T rees c o u l d , 
l i k e o t h e r methods, have he lped Un i ted R e f i n e r i e s i d e n t i f y 
t h e p o s s i b l e d e l a y s t h e y w o u l d be f a c e d w i t h i f t h e y d i d 
no t p r e s e n t a f u l l y j u s t i f i e d case. 
A r b i t r a t i o n A n a l y s i s m igh t have he lped Un i ted R e f i n e r i e s to 
u n d e r s t a n d t h e i r p o s i t i o n i n n e g o t i a t i o n s r e l a t e d t o 
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o b t a i n i n g P l a n n i n g P e r m i s s i o n . T h i s i s an a s p e c t o f 
d e c i s i o n m a k i n g p a r t l y c o v e r e d by t h e R i s k R a n k i n g 
T e c h n i q u e , w h i c h i n c l u d e s an a s s e s s m e n t o f t he s o c i o -
p o l i t i c a l a c c e p t a b i l i t y o f a p r o j e c t . A r b i t r a t i o n A n a l y s i s 
goes a l i t t l e f u r t h e r by a t t e m p t i n g to assess on what terms 
n e g o t i a t o r s m i g h t ag ree a b o u t t he a c c e p t a b i l i t y o f a 
p r o p o s a l . I n t h e c o n t e x t o f R i sk R a n k i n g t h i s c o u l d be 
t h e e x t e n t t o w h i c h p u b l i c o p i n i o n i s l i k e l y t o move 
towards a c c e p t i n g a p a r t i c u l a r p r o p o s a l . 
To c o m p l e t e t h e p i c t u r e o f t he Canvey I s l a n d p r o j e c t , i n 
T a b l e 29 a R a n k i n g o f t he a c c e p t a b i l i t y o f the Canvey 
I s l a n d r i s k s i s g i v e n . The a s s e s s m e n t was made p o s t - h o c 
and b a s e d e s s e n t i a l l y on t h e i n f o r m a t i o n g i v e n i n 
r e f e r e n c e s (108) and (109) . A l t hough the ev idence was not 
i d e a l , p a r t i c u l a r l y w i t h r e s p e c t t o d a t a on t he economic 
and s o c i o - p o l i t i c a l a s p e c t s , i t does show how the Ranking 
T e c h n i q u e can g i v e a l o g i c a l c o m p r e h e n s i v e a n a l y s i s o f 
a c c e p t a b i l i t y . The T a b l e a l s o shows how the Rank ing o f 
a c c e p t a b i l i t y can be r e f i n e d as b e t t e r d a t a becomes 
a v a i l a b l e , and r e f l e c t s changes i n the p a t t e r n of concerns 
t h a t t a k e p l a c e w i t h t i m e . The Canvey I s l a n d case a l s o 
i l l u s t r a t e s the t remendous amount o f p r e p a r a t o r y work t h a t 
has t o be done b e f o r e a m a j o r p r o j e c t can be embarked on 
and f u n d i n g i s r e q u i r e d . I t a l s o shows how r e l a t i v e l y 
q u i c k l y m a r k e t c o n d i t i o n s can change and demand f o r a 
p r o j e c t d i s a p p e a r . 
Table 29 Ranking of the Canvey I s l a n d R isks 
BASIS SCORES OF SUB-FACTORS RANK 
Technical Economic Socio-
polit ical 
Fi r s t 
Report 
(108) 
5 1 5 2 (accep tab le 










The Ri jnmond Gas Termina l P r o j e c t 
The h i s t o r y o f t he Ri jnmond case i s c o m p l i c a t e d and has i t s 
o r i g i n s i n t he e a r l y 1970s when p l a n s were made t o i m p o r t 
l a r g e q u a n t i t i t e s o f l i q u i f i e d n a t u r a l gas (LNG) f r o m 
A l g e r i a (110) . The two main con tenders f o r the s i t e were 
Ro t te rdam and Eemshaven. The d e c i s i o n i n v o l v e d the Dutch 
C a b i n e t , s e v e r a l G o v e r n m e n t D e p a r t m e n t s , t h e l o c a l 
G o v e r n m e n t A u t h o r i t i e s o f t he a r e a s c o n c e r n e d and p u b l i c 
m e e t i n g s . S a f e t y i m p l i c a t i o n s and p u b l i c p e r c e p t i o n of the 
a c c e p t a b i l i t y o r r i s k were i m p o r t a n t f a c t o r s i n d e c i d i n g 
w h i c h s i t e s h o u l d be s e l e c t e d . The case i s p a r t i c u l a r l y 
i n t e r e s t i n g f o r the f a c t t h a t l o c a l p o l i t i c s appear to have 
been a more i m p o r t a n t i n f l u e n c e on the f i n a l d e c i s i o n than 
m a r g i n a l d i f f e r e n c e s i n t h e q u a n t i f i e d e s t i m a t e s o f t h e 
r i s k s to l i f e i n v o l v e d . (110) 
D i s c u s s i o n about wh ich was the most accep tab le s i t e can be 
d i v i d e d i n t o t h r e e r o u n d s . Round 'A ' was t he p e r i o d up t o 
the f i n a l s i g n i n g o f the c o n t r a c t f o r the supply o f LNG and 
i n c l u d e d the p r e l i m i n a r y search f o r a t e r m i n a l s i t e . Round 
' B ' i n v o l v e d t he C a b i n e t , s e v e r a l Governmen t D e p a r t m e n t s 
and a t t h i s s t a g e i t was r e c o g n i z e d t h a t s i t i n g o f an LNG 
t e r m i n a l i n v o l v e d s e v e r a l i s s u e s such a s : ene rgy p o l i c y , 
t h e e n v i r o n m e n t , s a f e t y , l a n d use and r e g i o n a l p l a n n i n g . 
At the b e g i n n i n g of t h i s round Rot terdam was the p r e f e r r e d 
s i t e and d i s c u s s i o n s were he ld w i t h the l o c a l A u t h o r i t i e s 
i n the r e g i o n . These i n c l u d e d the P rov ince of Zu id -Ho l1 and, 
R i j n m o n d P u b l i c A u t h o r i t y and t he C i t y o f R o t t e r d a m , The 
d i s c u s s i o n s showed t h a t the A u t h o r i t i e s , p a r t i c u l a r l y the 
R i jnmond P u b l i c A u t h o r i t y , were l i k e l y to apply s t r i n g e n t 
s a f e t y r e q u i r e m e n t s t o any LNG t e r m i n a l . The i n v o l v e m e n t 
o f the Ri jnmond P u b l i c A u t h o r i t y i s the reason the d e c i s i o n 
became known as the 'R i jnmond D e c i s i o n ' . In s imp le t e r m s , 
i t was c o n s i d e r e d t h a t d i s c u s s i o n o f t h e s e s a f e t y 
r e q u i r e m e n t s was l i k e l y t o d e l a y t h e s t a r t o f d e l i v e r i n g 
LNG and t h i s l e d t o Eemshaven b e i n g c o n s i d e r e d i n more 
d e t a i l as t h e s i t e f o r t he t e r m i n a l . Round ' C was the 
f i n a l round wh ich ended w i t h the Cab ine t d e c i d i n g i n favour 
o f Eemshaven. 
I n A p r i l 1978 t h e R o t t e r d a m and G r o n i n g e n l o c a l 
a u t h o r i t i e s were each g i v e n t h r e e months i n w h i c h t o 
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f o r m u l a t e t h e i r v i e w s on the a c c e p t a b i l i t y o f an LNG 
t e r m i n a l i n t h e i r a r e a . D u r i n g t h i s p e r i o d t h e r e were 
f o r m a l C o u n c i l d e b a t e s and p u b l i c m e e t i n g s a t w h i c h t he 
p u b l i c and i n t e r e s t groups cou ld express t h e i r v i ews . The 
v i e w s o f t h e L o c a l A u t h o r i t i e s were p r e s e n t e d t o t he 
Cab ine t i n June 1978. In August 1978 the Cab ine t announced 
i t s p r e f e r e n c e f o r Eemshaven, p r i m a r i l y on soc io -economic 
r e g i o n a l i n d u s t r i a l g rounds. The d e c i s i o n was debated at 
c o n s i d e r a b l e l e n g t h i n P a r l i a m e n t and f i n a l l y approved i n 
October 1978. 
The v iew has been expressed t h a t , i n p a r t , the reason t h a t 
t h e d e c i s i o n w e n t i n f a v o u r o f Eemshaven was t h a t t he 
Governor o f Groningen was a s k i l l f u l P o l i t i c i a n and a long 
s t a n d i n g member o f one o f the p a r t i e s i n power (110). In 
t h i s c o n t e x t the f i n a l d e c i s i o n appears to have been guided 
more by p o l i t i c a l o p p o r t u n i t y than by c o n s i s t e n t government 
p o l i c i e s , s t r a t e g i e s or d e c i s i o n p rocedures . Th is in many 
ways u n d e r l i n e s t h e s i g n i f i c a n c e o f t he s o c i o - p o l i t i c a l 
f a c t o r s i n any assessment o f a c c e p t a b i l i t y . A t t e n t i o n must 
a l s o be d rawn t o t he f a c t t h a t t h e d e c i s i o n was i n c o n f l i c t 
w i t h t h e o f f i c i a l a d v i c e o f t h e I n t e r d e p a r t m e n t a l 
C o o r d i n a t i n g Commit tee f o r Nor th Sea A f f a i r s (ICONA) (110). 
The o f f i c i a l ICONA r e p o r t can be c r i t i c i s e d because i t 
i n t e n t i o n a l l y d i d not c o n s i d e r e i t h e r l o c a l r i s k p e r c e p t i o n 
i n r e l a t i o n to p u b l i c and o f f i c i a l acceptance of LNG or the 
p o l i t i c a l i m p o r t a n c e a t t a c h e d by some i n t e r e s t e d p a r t i e s to 
t h e s i t i n g o f t h e t e r m i n a l . I n o t h e r w o r d s , t he ICONA 
r e p o r t o v e r l o o k e d the ma jo r s o c i o - p o l i t i c a l i n f l u e n c e s on 
t h e d e c i s i on. (110) 
A l t h o u g h ICONA can be c r i t i c i s e d f o r not c o n s i d e r i n g l o c a l 
o p i n i o n , i t was t h e o n l y c o - o r d i n a t i n g body t h a t i n c l u d e d 
r e p r e s e n t a t i v e s o f a l l t h e r e l e v a n t m i n i s t r i e s and i n 
p r e p a r i n g i t s adv i ce a t t e m p t e d to take account of n a t i o n a l 
p o l i c y . ( 1 1 0 ) ICONA a d v i s e d t h a t f r o m t h e i r e v a l u a t i o n of 
e c o n o m i c s , e n e r g y p o l i c y and e n v i r o n m e n t a l i m p a c t t h e y 
p r e f e r r e d the Maasv lak te s i t e near the Hook von Ho l land f o r 
t h e LNG t e r m i n a l . The ICONA v i e w on t h e r i s k s a s s o c i a t e d 
w i t h the Maasv lak te and Eemshaven s i t e s was t h a t the r i s k s 
w i t h bo th s i t e s were a p p r o x i m a t e l y e q u a l . (110) 
The L o c a l A u t h o r i t i e s , t h e T rade Un ions were i n f a v o u r o f 
Eemshaven. (110) The E n v i r o n m e n t a l i s t Groups, Shipowners 
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A s s o c i a t i o n and E l e c t r i c i t y C o r p o r a t i o n were a g a i n s t 
Eemshaven . ( 1 1 0 ) The S h i p o w n e r s saw some n a v i g a t i o n and 
o p e r a t i o n a l p r o b l e m s and some r i s k s c o u l d be a s s o c i a t e d 
w i t h Eemshaven. The E l e c t r i c i t y C o r p o r a t i o n saw some r i s k 
t o t h e i r e x i s t i n g c o a l - f i r e d power s t a t i o n (110). 
The c h a r a c t e r i s t i c s o f the Ri jnmond D e c i s i o n and the scope 
i t p r e s e n t e d f o r a s s i s t a n c e f r o m v a r i o u s d e c i s i o n mak ing 
a i d s are q u i t e d i f f e r e n t f rom those p resen ted by the Canvey 
I s l a n d Case. The R i j n m o n d D e c i s i o n was c e n t r e d on s o c i o -
p o l i t i c a l f a c t o r s w i t h t e c h n i c a l and economic f a c t o r s be ing 
somewhat s u b s i d i a r y , whereas the Canvey I s l a n d Dec i s i on was 
i n i t i a l l y c e n t r e d on t e c h n i c a l f a c t o r s . Th is d i f f e r e n c e i n 
t h e c h a r a c t e r i s t i c s o f t he R i j n m o n d D e c i s i o n g i v e s a 
d i f f e r e n t p a t t e r n t o t h e p o s s i b l e a l t e r n a t i v e s t o t he 
Ranking Techn ique. A l ready the r e l a t i v e m e r i t o f n i ne teen 
p o s s i b l e a l t e r n a t i v e methods of a n a l y s i s has been shown i n 
r e l a t i o n t o t h e Canvey I s l a n d P r o j e c t . So a t t e n t i o n i s 
c o n c e n t r a t e d on the a l t e r n a t i v e s whose r o l e i n r e l a t i o n to 
t h e R i j n m o n d D e c i s i o n i s p o t e n t i a l l y s i g n i f i c a n t l y 
d i f f e r e n t t o t h e i r r o l e i n r e l a t i o n t o t he Canvey I s l a n d 
c a s e . 
The r e l a t i v e m e r i t o f d i r e c t p r e s e n t a t i o n a l methods i s the 
same i n b o t h c a s e s . The r o l e o f t h e r e v i e w by e x p e r t s i s 
ve ry d i f f e r e n t i n the two cases. In the Canvey I s l a n d Case 
the t e c h n i c a l assessment was c e n t r a l t o the whole d iscusson 
o f t h e a c c e p t a b i l i t y o f t h e p r o p o s a l . I n t h e case o f t he 
R i jnmond D e c i s i o n the adv i ce of the o f f i c i a l e x p e r t s i n the 
f o r m o f ICONA was n o t f o l l o w e d . Perhaps t he weakness o f 
t h e ICONA a d v i c e was t h a t i t was n e i t h e r t e c h n i c a l l y 
s p e c i f i c nor f u l l y c o m p r e h e n s i v e , i t was more j u s t a 
d i s t i l l a t i o n o f d e p a r t m e n t a l v i e w s . For e x p e r t o p i n i o n to 
be r e s p e c t e d , i t m u s t be seen t o be i n d e p e n d e n t and 
comprehens i ve . 
P u b l i c debate and the c o l l e c t i o n of p u b l i c v iews about the 
R i jnmond D e c i s i o n o p t i o n s was r a t h e r more s t r u c t u r e d than 
i n t h e Canvey I s l a n d c a s e . I t seems f a i r t o s u g g e s t t h a t 
u n l e s s t h e r o l e o f p u b l i c d e b a t e i n t h e d e c i s i o n mak ing 
p rocess i s c l e a r l y d e f i n e d , i t s r o l e can be u n p r e d i c t a b l e . 
The Risk Ranking Technique a t t e m p t s to avo id t h i s problem 
by b e i n g s p e c i f i c a b o u t t he c r i t e r i a t h a t s h o u l d be used 
f o r j u d g i n g the a c c e p t a b i l i t y o f s o c i o - p o l i t i c a l f a c t o r s . 
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The p o t e n t i a l r o l e o f s t a t i s t i c a l me thods and c o m p u t e r 
s i m u l a t i o n i s j u d g e d t o be a b o u t t h e same f o r b o t h t he 
Canvey I s l a n d and the Ri jnmond cases . 
I n t h e C a n v e y I s l a n d c a s e t h e p o t e n t i a l o f t h e s i x 
supp lemen ta r y a l t e r n a t i v e s to Risk Ranking were examined. 
The c o n c l u s i o n s d r a w n a b o u t t h e e f f i c a c y o f t h e s e 
t e c h n i q u e s i n t h e Canvey I s l a n d case a p p l y e q u a l l y t o t h e 
Ri jnmond case . 
W i t h t h e c o m p l e m e n t a r y a l t e r n a t i v e s t o R isk R a n k i n g , t he 
c o n c l u s i o n s drawn about each t echn ique i n the Canvey I s l a n d 
case are a l s o e q u a l l y j u s t i f i e d i n the Ri jnmond case. The 
two cases appear to u n d e r l i n e the impo r tance of i n c l u d i n g 
some e l e m e n t o f t e s t i n g t h e p o s s i b l e f u t u r e m e r i t s o f a 
p roposa l i n the assessment o f i t s a c c e p t a b i l i t y . Th is v iew 
draws a t t e n t i o n to the p o s s i b l e c o n t r i b u t i o n of Robustness 
A n a l y s i s and F o r e c a s t i n g T e c h n i q u e s t o a s s e s s i n g how 
a c c e p t a b i l i t y may v a r y w i t h t i m e . The R i j n m o n d case 
i l l u s t r a t e s how the f o r m a l a r b i t r a t i o n process b u i l t i n t o 
t h e D u t c h p r o c e d u r e was used e f f e c t i v e l y . The p r o c e d u r e 
c o n s i s t e d o f t i m e l i m i t e d debate a t l o c a l l e v e l , d i s c u s s i o n 
i n Cab ine t and debate i n P a r l i a m e n t . I t i s i n t e r e s t i n g to 
s p e c u l a t e on the e x t e n t t o wh ich A r b i t r a t i o n A n a l y s i s would 
have f o r e c a s t the outcome and he lped the d e c i s i o n maker. 
On t h e b a s i s o f t h e e v i d e n c e a v a i l a b l e a R isk Rank ing was 
made o f the Maasv lak te and Eemshaven s i t e s and the r e s u l t s 
o f t h e R a n k i n g a r e shown i n T a b l e 30 ( 1 1 0 ) . The t e c h n i c a l 
r i s k o f an a c c i d e n t a t M a a s v l a k t e was e s t i m a t e d t o be 
s l i g h t l y h i g h e r t h a n a t Eemshaven and t h e r e was s l i g h t l y 
more p o l i t i c a l s u p p o r t f o r t h e Eemshaven s i t e . The t a b l e 
s h o w s how t h e R i s k R a n k i n g T e c h n i q u e can p r e s e n t a 
c o m p r e h e n s i v e a s s e s s m e n t o f t h e m e r i t s o f two d e c i s i o n 
o p t i o n s . L i k e t h e Canvey I s l a n d case t h e R i j n m o n d case 
shows how e x t e n s i v e t h e work i s t h a t has t o be u n d e r t a k e n 
t o g e t a p r o j e c t a p p r o v e d b e f o r e i t can be s t a r t e d and 
ma jo r f u n d i n g c o m m i t t e d . Anyone f i n a n c i n g a major p r o j e c t , 
o r i n d e e d any p r o j e c t , has t o be c e r t a i n t h a t a l l t he 
p r e l i m i n a r y work r e q u i r e d to ge t the p r o j e c t approved has 
been c o m p l e t e d s a t i s f a c t o r i l y b e f o r e f u n d i n g f o r t he 
p r o j e c t i s r e l e a s e d . 
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Table 30 Ranking of the Maasvlakte and Emmshaven S i t e s 
OPTION SCORES OF SUB-FACTORS RANK 
TECHNICAL ECONOMIC SOCIO-
POLITICAL 
MAASVLAKTE 1 1 2 3 
EEMSHAVEN 1 1 1 4 
The Channel C ross ing 
The e s s e n t i a l f e a t u r e s o f the Channel C ross ing Opt ions have 
a l r e a d y been g i v e n i n Chapter 1 and a Ranking p resen ted i n 
T a b l e 6 , b u t t o e n a b l e t h e p o s s i b l e r o l e p o t e n t i a l 
o f a l t e r n a t i v e methods o f e v a l u a t i n g d e c i s i o n o p t i o n s t o be 
d i s c u s s e d w i t h more c o n f i d e n c e , a few more b a c k g r o u n d 
d e t a i l s o f the p r o j e c t are g i v e n . 
D i s c u s s i o n o f a f i x e d l i n k a c r o s s t he Channel has 
been go ing on f o r n e a r l y 200 y e a r s . ( I l l ) F o l l o w i n g the 
A n g l o - F r e n c h s u m m i t m e e t i n g i n London i n Sep tember 
1 9 8 1 , an e x p e r t s t u d y g roup was e s t a b l i s h e d t o e v a l u a t e 
t h e t e c h n i c a l and e c o n o m i c a r g u m e n t s f o r a f i x e d Channel 
l i n k . ( 1 1 2 ) The g r o u p a d v i s e d t h a t t h e y c o n s i d e r e d t h e 
ba lance o f advantage l a y w i t h bored t w i n r a i l t u n n e l s 
w i t h a v e h i c l e s h u t t l e . ( 1 1 2 ) D i s c u s s i o n s a b o u t t h e 
a c c e p t a b i l i t y o f the v a r i o u s p roposa l s came to someth ing of 
a c l i m a x a t t h e end o f 1985 when t he T r a n s p o r t S e c r e t a r y , 
N i c h o l a s R i d l e y , announced t h a t he was then of the o p i n i o n 
t h a t work on the p r o j e c t must s t a r t w i t h i n two y e a r s . (113) 
Ten schemes were s u b m i t t e d , bu t a t t e n t i o n was c o n c e n t r a t e d 
on f o u r ma in p r o p o s a l s . C o n s u l t a n t s were e m p l o y e d t o 
ana l yse the schemes and t h e i r r e p o r t s were p resen ted 
t o the Depar tment o f T r a n s p o r t i n December 1985. N i cho las 
131 
R i d l e y announced t h a t i n s t e a d o f a P u b l i c I n q u i r y t h e r e 
wou ld be e x t e n s i v e p u b l i c c o n s u l t a t i o n (113) . The bas is 
f o r the p u b l i c c o n s u l t a t i o n be ing 15 page summaries o f the 
p r o p o s a l s . The B r i t i s h and French Governments announced, 
i n L i l l e on t h e 2 0 t h J a n u a r y 1986 , t h a t t h e y had a c c e p t e d 
t h e r a i l t u n n e l p r o p o s a l . 
The f o u r ma in Channe l C r o s s i n g p r o p o s a l s c o n s i d e r e d 
w e r e : t h e E u r o b r i d g e , t h e E u r o r o u t e , t h e Channel Tunne l 
and the Channel Expressway. In a d d i t i o n , the o p t i o n of 
no t c o n s t r u c t i n g a f i x e d c r o s s i n g was c o n s i d e r e d . The main 
t e c h n i c a l f e a t u r e s o f t h e p r o p o s a l s a re summar i sed i n 
T a b l e 3. The t e c h n i c a l , econom ic and s o c i o - p o l i t i c a l 
j u s t i f i c a t i o n of the Ranking of the o p t i o n s are g iven i n 
T a b l e 5. 
For b u i l d i n g up t h e R a n k i n g o f t h e o p t i o n s the e v i d e n c e 
t h a t was used was t h a t g i ven i n the O f f i c i a l Case p resen ted 
t o the B r i t i s h Pa r1 iamen t . ( 114 ) There was no a t t e m p t i n the 
O f f i c i a l Case to q u a n t i f y the magni tude or the p r o b a b i l i t y 
o f t he t e c h n i c a l r i s k s i n v o l v e d . In the ev idence presented 
a t t e n t i o n was n o t d rawn t o such f a c t s a s : i n t he E u r o b r i d g e 
p r o p o s a l , t h e r e a l e x p e r i e n c e w i t h t he m a t e r i a l p roposed 
f o r the suspens ion b r i d g e c a b l e s was on ly about one seventh 
o f t h e p r o p o s e d l i f e o f t he m a t e r i a l , and w i t h p r o p o s a l s 
i n v o l v i n g t u n n e l s no j u s t i f i c a t i o n was g i v e n f o r t he 
a c c e p t a b i l i t y o f t h e e x p l o s i o n r i s k i n such l o n g t u n n e l s . 
The j u s t i f i c a t i o n f o r t h e s c o r i n g o f each f a c t o r i s shown 
i n T a b l e 5. E v a l u a t i o n o f t h e economic i m p l i c a t i o n s of 
t h e p r o p o s a l s showed t h a t t h e t o t a l c o s t o f t he p r o p o s a l s 
was l i k e l y t o be a s i g n i f i c a n t f a c t o r i n t he economies o f 
B r i t a i n and France. P o s s i b l e v a r i a t i o n i n t o t a l cos t i s a 
f a c t o r t h a t has t o be c o n s i d e r e d i n any p r o j e c t , as 
e x p e r i e n c e has shown t h a t t h e c o s t o f a m a j o r nove l 
p r o j e c t o f t e n f a r exceeds i n i t i a l e s t i m a t e s . As ment ioned 
i n C h a p t e r 1 i n q u i t e u n r e l a t e d p r o j e c t s l i k e t he Sydney 
Opera House and Concorde c o s t s e s c a l a t e d t o abou t t en 
t i m e s t h e i r o r i g i n a l e s t i m a t e s . ( 1 8 ) The Thames B a r r i e r 
was o r i g i n a l l y e s t i m a t e d t o c o s t £23 m i l l i o n and a c t u a l l y 
c o s t £ 4 6 1 m i l l i o n ( 1 9 ) . I n r e t r o s p e c t i t seems i n t he 
Channel Tunnel P r o j e c t the q u e s t i o n of p o s s i b l e v a r i a t i o n 
i n c o s t was t r e a t e d l i g h t l y . Conce rn a b o u t t h i s a s p e c t o f 
t h e p r o j e c t has been j u s t i f i e d by e v e n t s , as t he c o s t o f 
the Tunnel has r i s e n d r a m a t i c a l l y . (20) 
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The a s s e s s m e n t o f s o c i o - p o l i t i c a l f a c t o r s seems t o have 
been v e r y e l e m e n t a r y . On ly m i n o r o b j e c t i o n s by p e o p l e 
l i v i n g i n t he a rea o f t he t e r m i n a l s were r e p o r t e d i n the 
d i s c u s s i o n i n P a r l i a m e n t and t h e P r e s s . T h i s i s n o t 
s u r p r i s i n g as no c a r e f u l l y d e s i g n e d s u r v e y o f p u b l i c 
o p i n i o n was made. The o n l y s u r v e y s made were by l o c a l 
p a p e r s and t h e s e a re c o n s i d e r e d t o be o f q u e s t i o n a b l e 
v a l u e . ( 2 1 ) 
A s p e c i a l f e a t u r e o f the Channel Tunnel P r o j e c t d e c i s i o n 
i s t h a t a l t h o u g h t h e a g r e e m e n t o f two Governments was 
r e q u i r e d t h e p r o j e c t i s f u n d e d by t h e p r i v a t e s e c t o r . An 
i m p o r t a n t l i m i t a t i o n o f t h e Tunne l d e c i s i o n was t h a t i t 
s i m p l y c o n s i d e r e d t h e Channel C r o s s i n g and no t a l l t he 
i m p l i c a t i o n s o f t h e c r o s s i n g such a s : - t he i m p r o v e m e n t s 
r e q u i r e d i n c o n n e c t i n g r o a d and r a i l s e r v i c e s . The 
e s s e n t i a l f e a t u r e s o f t h e i r d e c i s i o n mak ing p r o c e s s was 
t h a t t h e d e c i s i o n makers were a d v i s e d by an e x p e r t g roup 
and had t h e i r d e c i s i o n endorsed by a d e m o c r a t i c a l l y e l e c t e d 
P a r l i a m e n t . The weakness o f t he d e c i s i o n mak ing p r o c e s s 
was t h a t i t d i d n o t d e t e c t t h a t t h e e s t i m a t e s o f c o s t s 
i n v o l v e d were g r o s s l y o p t i m i s t i c . 
Of the a l t e r n a t i v e methods t h a t m i g h t have exposed some o f 
the weaknesses i n the p roposa l a r e : P u b l i c Debate, Systems 
A n a l y s i s , S o f t S y s t e m M e t h o d o l o g y and F o r e c a s t i n g 
T e c h n i q u e s . The p o s s i b l e c o n t r i b u t i o n o f t h e o t h e r 
t e c h n i q u e s b e i n g v e r y s i m i l a r t o t h e i r p o s s i b l e 
c o n t r i b u t i o n t o the Canvey I s l a n d and Ri jnmond cases. 
In t h i s case the M i n i s t e r r e s p o n s i b l e took the d e c i s i o n not 
t o have a P u b l i c I n q u i r y i n t o the p r o p o s a l s . Th is d e c i s i o n 
a v o i d e d one t y p e o f s e a r c h i n g p u b l i c d e b a t e and pe rhaps 
sho r t ened the d e c i s i o n making p rocess . I t i s p o s s i b l e t h a t 
a P u b l i c I n q u i r y w o u l d have u n c o v e r e d weaknesses i n : t he 
e c o n o m i c c a s e , t h e a d d i t i o n a l e x p e n d i t u r e r e q u i r e d f o r 
i m p r o v e m e n t s i n r o a d a n d r a i l s e r v i c e s and t h e 
a c c e p t a b i l i t y o f the s a f e t y o f the des ign p roposed. 
Sys tems A n a l y s i s and S o f t Sys tem M e t h o d o l o g y g e n e r a l l y 
w o u l d have u n c o v e r e d t h e w i d e r i m p l i c a t i o n s o f t h e 
p r o p o s a l s and shown t h e need t o r e c o g n i s e t h e road and r a i l 
i m p l i c a t i o n s o f t he Channe l C r o s s i n g . These methods may 
a l s o have i d e n t i f i e d the need to c o n s i d e r e n v i r o n m e n t a l and 
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s a f e t y i s s u e s i n any d e c i s i o n t h a t c l a i m s t o be 
comprehens ive i n the i ssues they take i n t o account . 
F o r e c a s t i n g Techn iques and Robustness A n a l y s i s cou ld have 
p r o v i d e d ways o f e x p l o r i n g d i f f e r e n t p o s s i b l e outcomes of 
t h e p r o j e c t . Such e x p l o r a t i o n may have e x p o s e d t h e 
p o s s i b i l i t y o f a m a j o r i n c r e a s e i n c o s t and i t s 
i m p l i c a t i o n s . 
The Risk Ranking of the o p t i o n s t h a t was p resen ted i n Table 
6 s i m p l y p r e s e n t e d a R a n k i n g b a s e d on t he O f f i c i a l Case. 
I f t h e r e had been access t o t h e d e t a i l e d a s s e s s m e n t s on 
wh ich the O f f i c i a l Case was based i t may have been p o s s i b l e 
t o c o n s t r u c t a t h r e e d i m e n s i o n a l Rank ing M a t r i x , o f t he 
t y p e shown i n F i g . 3 . Such a m a t r i x w o u l d have i n d i c a t e d 
the p o s s i b l e impac t on the a c c e p t a b i l i t y o f the p r o j e c t of 
v a r i a t i o n s i n t he e s t i m a t e d c o s t . The Channel Tunnel case 
shows how i m p o r t a n t i t i s t o have good q u a l i t y da ta on 
w h i c h t o base d e c i s i o n s . U n l e s s t h e r e i s a c o m p r e h e n s i v e 
u n d e r s t a n d i n g of a l l the t e c h n i c a l prob lems i n v o l v e d in a 
p r o j e c t and t h e c o s t o f t h e i r s o l u t i o n t h e e c o n o m i c s o f a 
p r o j e c t can be pu t i n j e o p a r d y . 
CONCLUSIONS 
The t h r e e case s t u d i e s have shown t h e s i g n i f i c a n c e o f 
t e c h n i c a l , economic and s o c i o - p o l i t i c a l f a c t o r s i n v o l v e d i n 
d e c i s i o n making and the r o l e the v a r i o u s a l t e r n a t i v e a ids 
t o d e c i s i o n m a k i n g c o u l d have p l a y e d i n t he s p e c i f i c 
a s s e s s m e n t o f c e r t a i n a s p e c t s o f t h e c a s e s . The p o s s i b l e 
c o n t r i b u t i o n s of the v a r i o u s methods to the a n a l y s i s o f the 
t h r e e cases c o n s i d e r e d are summarised i n Table 31 . 
In genera l terms the system a n a l y s i s methods were the on ly 
methods o f f e r i n g an a d d i t i o n a l c a p a b i l i t y no t i n h e r e n t i n 
t h e R i sk R a n k i n g T e c h n i q u e . The p a r t i c u l a r a d v a n t a g e o f 
s y s t e m a n a l y s i s b e i n g t o i d e n t i f y a l l t h e a c t o r s 
i n v o l v e d . Computer s i m u l a t i o n of the d e c i s i o n process was 
n o t used i n t h e t h r e e cases c o n s i d e r e d . The success o f 
s u c h a m e t h o d does d e p e n d on h a v i n g a mode l w h i c h 
a c c u r a t e l y r e p r e s e n t s t h e p r o p o s a l and t he n a t u r e and 
i n t e r a c t i o n s o f a l l t h e f a c t o r s a s s o c i a t e d w i t h t h e 
d e c i s i o n . B u i l d i n g an accu ra te model to s i m u l a t e the whole 
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TABLE 31 Summary of the Benefit of Alternative Decision 
Making Aids to the Three Cases Considered 




Review by experts 
Public Debate 
System Analysis 









Probabi l i ty 
Model 1ing 




Useful i f experts cover a l l d isc ip l ines 
involved 
Would help determine public acceptabi l i ty 
Would help to iden t i f y actors that have to be 
considered 
Provided data is available helps in 
quant i f ica t ion of evidence 
Within the l i m i t s of the model used would 
allow exploration of uncertaint ies and options 
Would help to i den t i f y a l l actors concerned 
Help iden t i f y c r i t e r i a for judging 
acceptabi l i ty 
Would allow possible outcomes to be explored 
Improves understanding of technical and 
economic r isks involved 
Would have a part to play in r isk analysis, 
game theory and computerised simulation 
Could be a foundat ion f o r computerised 
simulation and an aid to Risk Ranking 





Resource Al locat ion 
Regression Analysis 
Decision Trees 
Arb i t ra t i on 
Risk Ranking 
Would help to i d e n t i f y f u tu re changes 
and signif icance of var iat ion in data used 
Would help iden t i f y possible future changes 
inf luencing factors to be considered 
Assessment of a l ternat ive uses of resources 
Help understand the signif icance of data 
avai lable 
Assessment of the signif icance of the various 
components of a decision 
Finding agreement between part ies wi th 
c o n f l i c t i n g views 
Comprehensive assessment of a l l factors 
involved 
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d e c i s i o n m a k i n g p r o c e s s i n c l u d i n g i m p l e m e n t a t i o n o f the 
d e c i s i o n i s l o n g and d i f f i c u l t t a s k . A c h i e v i n g adequa te 
p r e c i s i o n w i t h such a model f o r a major d e c i s i o n i n v o l v i n g 
a n o v e l p r o p o s a l i s somewhat d o u b t f u l . The v a l u e o f any 
mode l o r a i d t o d e c i s i o n m a k i n g depends on t he q u a l i t y o f 
the data t h a t can be used. 
The R i sk R a n k i n g T e c h n i q u e can be a d a p t e d t o a d e q u a t e l y 
e x p l o r e t h e a c c e p t a b i l i t y o f d e c i s i o n o p t i o n s under a 
v a r i e t y o f f u t u r e s by b u i l d i n g a s y s t e m o f t h r e e 
d i m e n s i o n a l m a t r i c e s o f R a n k i n g s c o v e r i n g a l l t h e 
v a r i a t i o n s t h a t have t o be c o n s i d e r e d . A n a l y s i s o f t h a t 
t y p e w o u l d f u l f i l l t h e r o l e o f R o b u s t n e s s A n a l y s i s and 
F o r e c a s t i n g Techn iques . 
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CHAPTER 9 
Comparison of the Risk Ranking Technique with 
the methods used by F i n a n c i a l I n s t i t u t i o n s 
Having examined the e f f i c a c y of v a r i o u s gene r i c methods of 
assess i ng r i s k a c c e p t a b i l i t y , i n t h i s Chapter a case study 
i s p r e s e n t e d c o m p a r i n g t h e e f f i c a c y o f t h e R isk Rank ing 
T e c h n i q u e w i t h t h e m e t h o d s u s e d by t h e S w i s s Bank . 
A l t h o u g h i n t h e s t u d y as a w h o l e i n t e r e s t r anges f r o m t h e 
p e r o r a t i n g d e c i s i o n making procedures a s s o c i a t e d w i t h the 
d e v e l o p m e n t o f a d v i c e f o r t h e C a b i n e t by T h i n k Tank l i k e 
o r g a n i s a t i o n s (115) t o a bank d e c i d i n g to f i n a n c e a p r o j e c t 
i n a d e v e l o p i n g c o u n t r y t o t h e k i n d o f d e c i s i o n mak ing 
a s s o c i a t e d w i t h the P o l a r i s p r o j e c t wh ich P ro fesso r N a i l o r 
d e s c r i b e d i n r e f . 116. The case s t u d i e d i s the assessment 
o f t h e a c c e p t a b i l i t y o f a m a j o r p r o j e c t i n a d e v e l o p i n g 
c o u n t r y f o r w h i c h t h e c o u n t r y c o n c e r n e d needs t o b o r r o w 
money on t h e i n t e r n a t i o n a l m a r k e t . A f t e r t he case s t u d y 
some d i s c u s s i o n i s g i ven on the way the i nsu rance i n d u s t r y 
assesses the i n s u r a b i l i t y o f the r i s k s i n v o l v e d i n a major 
p r o j e c t . 
For t h e case s t u d y i t i s assumed t h a t t he p r o j e c t has 
r e a c h e d t h e s t a g e where a l l p r e l i m i n a r y work has been 
c o m p l e t e d and t h e p r o p o s e r w a n t s t o s t a r t t he p r o j e c t as 
soon as the f u n d i n g r e q u i r e d can be o b t a i n e d . The p r o j e c t 
i s to b u i l d a r a i l w a y system c o n n e c t i n g a p o t e n t i a l i n l a n d 
i n d u s t r i a l a rea and a good a g r i c u l t u r a l a rea w i t h a p o r t , 
i n a c o u n t r y w i t h the f o l l o w i n g c h a r a c t e r i s t i c s : -
P o p u l a t i o n - 20 m i l l i o n , 
C l i m a t e - M e d i t e r r a n e a n w i t h T r o p i c a l S to rms, 
S tandard of L i v i n g - S u b s i s t a n c e , 
E d u c a t i o n L e v e l - S m a l l e d u c a t e d r u l i n g c l a s s , 20% o f 
p o p u l a t i o n i l l i t e r a t e . Only one u n i v e r s i t y . 
G o v e r n m e n t - S i n g l e r u l i n g f a m i l y w h i c h now has a 
p r o g r e s s i v e o u t l o o k and r u l e s w i t h p a t e r n a l i s t i c c a r e . 
The g o v e r n m e n t o f t h e c o u n t r y i s s t a b l e and c o n c e r n e d to 
i m p r o v e t h e s t a n d a r d o f l i v i n g o f t he p e o p l e and t o do t h i s 
by c o m m e r c i a l e x p l o i t a t i o n o f t h e c o u n t r y ' s n a t u r a l 
r e s o u r c e s . The re i s a somewhat u n s t a b l e c o u n t r y t o t he 
n o r t h , bu t t h i s i s not c o n s i d e r e d an immed ia te t h r e a t . 
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An i n t e r n a t i o n a l deve lopment agency made an assessment of 
the economic p o t e n t i a l o f the c o u n t r y and recommended t h a t 
the i r o n and b a u x i t e ore i n the eas t o f the c o u n t r y should 
be m ined and r e f i n e d l o c a l l y and m e t a l u s i n g i n d u s t r i e s 
e s t a b l i s h e d around the r e f i n e r i e s so t h a t t r a n s p o r t cos ts 
wou ld be m i n i m i s e d . The p o s s i b i l i t y o f becoming a s u p p l i e r 
o f f i n i s h e d and p a r t - f i n i s h e d components f o r the German and 
J a p a n e s e c a r i n d u s t r i e s was b e i n g e x p l o r e d . The 
deve lopment agency a l s o recommended t h a t the f e r t i l e land 
s o u t h o f t h e p r o p o s e d i n d u s t r i a l a rea s h o u l d be d e v e l o p e d 
as an area f o r i n t e n s i v e f a r m i n g . The i n t e n t i o n being t h a t 
some o f t h e l a n d w o u l d be d e v o t e d t o p r o d u c t i o n o f f ood f o r 
l o c a l c o n s u m p t i o n . The r e s t o f the land would be devoted 
t o i n t e n s i v e p r o d u c t i o n o f h i g h q u a l i t y f r u i t and 
v e g e t a b l e s f o r e x p o r t . To g e t t h e i n d u s t r i a l and 
a g r i c u l t u r a l p r o d u c t s to market a r a i l w a y was cons ide red to 
be e s s e n t i a l t o l i n k i n d u s t r i a l and a g r i c u l t u r a l c e n t r e s 
w i t h the p o r t , new town and a i r p o r t . 
The g o v e r n m e n t o f t h e c o u n t r y a c c e p t e d the need f o r t he 
r a i l w a y and a f t e r h a v i n g had a d e t a i l e d d e s i g n s t u d y made 
by a c o n t r a c t o r i t d e c i d e d t o t r y and r a i s e , on t h e 
i n t e r n a t i o n a l m a r k e t , t h e money r e q u i r e d t o b u i l d t he 
r a i l w a y . A t t h i s s t a g e t he d e c i s i o n makers i n t he m a r k e t 
c a l l f o r the a c c e p t a b i l i t y o f the r i s k s i n v o l v e d i n f u n d i n g 
t h e p r o j e c t t o be a s s e s s e d by b o t h t h e R i s k R a n k i n g 
T e c h n i q u e and a m e t h o d o l o g y based on the S w i s s Bank 's 
assessment p rocedu re . Th is a l l o w s the adequacy of the two 
methods to be compared. 
The f o r m o f t h e R isk R a n k i n g T e c h n i q u e used was t h a t 
d e s c r i b e d i n Chapters 4 , 5 and 6. The t e c h n i c a l assessment 
c r i t e r i a used were as d e s c r i b e d i n Table 19. The economic 
f a c t o r r i s k r a n k i n g c r i t e r i a were those d e s c r i b e d i n Table 
22 and s o c i o - p o l i t i c a l r a n k i n g c r i t e r i a were as s p e c i f i e d 
i n T a b l e 25. The S w i s s Bank 's a s s e s s m e n t was based on 
t h e i r me thod d e s c r i b e d i n C h a p t e r 2 and Append i x 2. The 
bas i c r e s u l t o f the assessment are taken to be those shown 
i n T a b l e 1 1 . 
Us ing the Risk Ranking assessment the p roposa l was assessed 
u n d e r t h r e e h e a d i n g s , w h i c h were t e c h n i c a l , economic and 
s o c i o - p o l i t i c a l . The t e c h n i c a l a s s e s s m e n t c o v e r e d : the 
p r o b a b i l i t y o f f a i l u r e d u r i n g s p e c i f i e d l i f e t i m e . 
138 
c o n s e q u e n c e s o f f a i l u r e , c a p a b i l i t y o f p r o p o s e r and 
r e l e v a n t e x p e r i e n c e of p roposer . Assess ing the f i r s t two 
q u e s t i o n s r e q u i r e d t h a t c r i t e r i a a re s p e c i f i e d f o r the 
a c c e p t a b l e f a i l u r e p r o b a b i l i t y and consequences. Assess ing 
the c a p a b i l i t y and expe r i ence of the proposer are ques t i ons 
more d i r e c t l y r e l a t e d to cases where the proposer w i l l have 
d i r e c t d e s i g n and c o n s t r u c t i o n r e s p o n s i b i l i t y . I n t h i s 
c a s e t h e g o v e r n m e n t a s k i n g f o r t h e f u n d i n g has 
s u b c o n t r a c t e d t h e d e s i g n and w i l l s u b c o n t r a c t t h e 
c o n s t r u c t i o n . T h i s means t h a t t h e w h o l e r e l a t i o n s h i p o f 
g o v e r n m e n t and c o n t r a c t o r s has t o be assessed to make 
c e r t a i n t h a t t h e r e a r e no gaps or r e s t r i c t i o n s i n t he 
c o n t r a c t u a l a r rangements t h a t c o u l d p r e v e n t , i n some way, 
c o n t r a c t o r s f u l l y s a t i s f y i n g t e c h n i c a l r e q u i r e m e n t s . 
The economic assessment was based on an e v a l u a t i o n of the 
t h r o u g h l i f e ne t b e n e f i t o f the p r o p o s a l . The p r o j e c t on ly 
b e i n g a c c e p t a b l e i f t h e t h r o u g h l i f e n e t b e n e f i t i s 
p o s i t i v e . The c a l c u l a t i o n of the th rough l i f e net b e n e f i t 
r e q u i r e s t h a t a l l t h rough l i f e cos t s are taken i n t o account 
and these must i n c l u d e loan repayment and i n t e r e s t charges. 
What i s no t i n c l u d e d i n the economic assessment as d e f i n e d 
i n T a b l e 22 i s an e v a l u a t i o n o f t he economic s t a b i l i t y o f 
the c o u n t r y i n v o l v e d . Th is t o p i c i s r e t u r n e d to l a t e r i n 
d i s c u s s i o n o f u n c e r t a i n t y i n e s t i m a t e s and the compar ison 
w i t h the Swiss Bank's methodo logy . 
A s s e s s i n g a c c e p t a b i l i t y i n s o c i o - p o l i t i c a l t e r m s i s 
c o m p l e x , as t h e i s s u e s c o v e r e d under t h i s h e a d i n g t end to 
h a v e s i g n i f i c a n t l y d i f f e r e n t m e a n i n g s t o d i f f e r e n t 
a s s e s s o r s . I t i s one of the major d i f f e r e n c e s between the 
R i s k R a n k i n g T e c h n i q u e and t h e S w i s s Bank 's a p p r o a c h . I n 
R i s k R a n k i n g a c c e p t a b i l i t y i n s o c i o - p o l i t i c a l t e r m s i s 
measured by the p r o p o r t i o n of the r e l e v a n t p o p u l a t i o n t h a t 
a r e i n f a v o u r o f t he p r o j e c t . I n t h e case o f t he r a i l w a y 
p roposa l the government wanted to under take the p r o j e c t to 
i m p r o v e t h e s t a n d a r d o f l i v i n g i n t h e c o u n t r y . The 
government r e c o g n i s e d t h a t i m p r o v i n g the s tandard of l i v i n g 
wou ld he lp i t r e s i s t t h r e a t s f rom o u t s i d e . The government 
had c o n s u l t e d w i d e l y i n the c o u n t r y to e s t a b l i s h t h a t t he re 
was agreement t h a t c o n s t r u c t i o n of the r a i l w a y would be of 
b e n e f i t t o t h e c o u n t r y . The d e g r e e o f u n c e r t a i n t y 
a s s o c i a t e d w i t h the assessment can be p resen ted e i t h e r as a 
t h r e e d i m e n s i o n a l d i a g r a m as shown i n F i g u r e 8 or i n 
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t a b u l a r fo rm as shown i n Table 7. 
In the Swiss Bank's approach the assessment c o n c e n t r a t e s 
on the t w e n t y f i v e pa ramete rs l i s t e d i n Table 11 . Most of 
the i n f o r m a t i o n be ing o b t a i n e d f rom the bank's own c o n t a c t s 
i n the c o u n t r y concerned an so i s independant of any g loss 
t h e p r o p o s e r may p u t on t h e r e l e v a n t f i g u r e s . The 
assessment showed the c o u n t r y ' s economy i s deve lop ing in a 
way t h a t i s l i k e l y t o e n a b l e t h e g o v e r n m e n t t o repay the 
l o a n a t t h e a g r e e d r a t e and t o pay i n t e r e s t as i t becomes 
due. The assessment o f p o l i t i c a l r i s k i n the Swiss Bank's 
method i s q u i t e d i f f e r e n t to t h a t used i n the Risk Ranking 
a p p r o a c h . The S w i s s Bank 's c o n c e r n s a b o u t p o l i t i c a l r i s k 
a r e r a n k e d on a s c a l e o f 1 - 1 0 , w i t h r e g a r d t o the i m p a c t o f 
p o l i t i c a l r i s k on c r e d i t w o r t h i n e s s . A c o u n t r y scored 1 to 
3 wou ld have low or no f o r e s e e a b l e r i s k . A coun t r y scored 
4 t o 6 w o u l d have a c c e p t a b l e / m o d e r a t e r i s k s . A c o u n t r y 
s c o r e d 7 t o 9 w o u l d have h i g h r i s k s and a s c o r e o f 10 w o u l d 
mean t h e r i s k s a re u n a c c e p t a b l y h i g h . T h i s i s q u i t e a 
d i f f e r e n t p e r s p e c t i v e on a c c e p t a b l e r i s k to t h a t adopted in 
t h e R i sk R a n k i n g T e c h n i q u e where t he s o c i o - p o l i t i c a l 
concern i s p u b l i c a c c e p t a b i l i t y . 
I t mus t be s t r e s s e d t h a t where t h e l o a n t o a c o u n t r y i s 
j u s t f o r a s p e c i f i c purpose or p r o j e c t the Swiss Bank w i l l 
i n a d d i t i o n t o a s s e s s i n g t h e c o u n t r y ' s e c o n o m i c 
c r e d i t w o r t h i n e s s have an assessment made of t h a t purpose or 
p r o j e c t . The assessment may be made by t h e i r own s t a f f or 
t h e y may use e x t e r n a l c o n s u l t a n t s f o r a l l o r p a r t o f the 
a s s e s s m e n t . The a s s e s s m e n t w i l l i n c l u d e f e a s i b i l i t y and 
a c c e p t a b i l i t y , bu t not p u b l i c a c c e p t a b i l i t y as o v e r t l y as 
i n the Risk Ranking approach. The Swiss Bank's method does 
n o t g i v e any i n d i c a t i o n o f t h e deg ree o f u n c e r t a i n t y 
a s s o c i a t e d w i t h the assessment . 
What c o n c l u s i o n s can be d rawn f r o m t h i s case s t udy abou t 
t h e e f f i c a c y o f t h e R i sk R a n k i n g T e c h n i q u e and the Sw iss 
Bank's methodology? The two me thodo log ies are compared i n 
f i v e w a y s , w h i c h a r e : - 1) i n t e n d e d r o l e s , 2) c o v e r a g e of 
t e c h n i c a l , e c o n o m i c and s o c i o - p o l i t i c a l f a c t o r s , 3) t he 
n a t u r e o f the t h e o r e t i c a l j u s t i f i c a t i o n f o r the methods, 4) 
an a n a l y t i c a l c r i t i q u e o f t h e adequacy o f t he m e t h o d s , 5) 
p o s s i b l t f u t u r e d e v e l o p m e n t s . The e s s e n t i a l f e a t u r e s o f 
the compar i son are summarised i n Table 32. 
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TABLE 32 Summary of Comparison of the Risk Ranking Technique 
with the Methods used by the Swiss Bank 
FEATURE COMPARED RISK RANKING TECHNIQUE METHODS USED BY 
THE SWISS BANK 
Intended Role Is intended to give an 
overal l assessment of the 
comprehensive acceptabi l i ty 
of major projects. The 
methods of assessment 
being in a form that is 
transparent and j u s t i f i a b l e 
to a lay publ ic . 
Essential ly intended 
for internal use and 
in that role to act 
as the basis for 
advice to the Bank's 
executive on the 
acceptabi l i ty of 
c red i t r isks inherent 
in proposals. 
Coverage of 
techn ica l , 
economic and 
soc io -po l i t i ca l 
Is designed to give a 
balanced overal l view of 
technica l , economic and 
soc io -po l i t i ca l factors 
involved in each option 
considered. (However, 
the Technique may be used 
in the mono-factor form to 
Rank acceptabi l i ty of one 
f ac to r . ) 
The assessment gives 
most emphasis to the 




ment of technical 
issues is made. 
Nature of 
theoret ical 
j u s t i f i c a t i o n 
Ranking requires an 
assessment of the 
signif icance of each factor . 
The way the assessments are 
weighted and combined 
appears to be sound. 
The main source of 
uncertainty is the qual i ty 
of the data that has to be 
used. The higher the 
qual i ty of the data, the 
more re l iab le the 
assessment. 
In many ways the 
Bank's approach 
could be described 
as pragmatic. They 
have iden t i f ied a 
number of parameters 
which by experience 
they have found 
gives them a sound 
indicat ion of the 
acceptabi l i ty of 
proposals. 
Cr i t ique of the 
adequacy of the 
methods 
The c r i t e r i a used for 
scoring acceptabi l i ty may 
not be appropriate for 
every type of decision and 
may need to be modified to 
su i t par t icu lar 
appl icat ions. 
The range of factors 
considered is more 
related to assessing 
cred i t worthiness of 
the proposer than the 
comprehensive 
acceptabi l i ty of the 
proposal. Gives no 




Broad c r i t e r i a for 
Ranking factors have been 
developed. The c r i t e r i a 
may have to be adjusted 
to f i t a wider spectrum of 
cases. A computer model 
could be established to 
allow options and uncer-
ta in ty to be explored 
expedit iously. 
The theoretical basis 
for the i r methods could 
be refined and 
assessment of technical 
and soc io-po l i t i ca l 
factors incorporated. 
Cr i te r ia for 
acceptabi l i ty 
could be defined 
over t ly . 
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The m a j o r d i f f e r e n c e i n t he r o l e o f t he R isk Rank ing 
Techn ique and the r o l e o f the t echn iques used by the Swiss 
Bank i s t h a t : t h e R i sk R a n k i n g T e c h n i q u e i s i n t e n d e d to 
g i v e the d e c i s i o n maker a comprehens ive assessment of a l l 
t h e i m p l i c a t i o n s o f each d e c i s i o n o p t i o n , w h i c h can be 
d e f e n d e d i n p u b l i c , w h i l e t he p r o c e d u r e s used by the Bank 
a r e i n t e n d e d f o r c o n f i d e n t i a l i n t e r n a l a d v i c e t o the 
e x e c u t i v e about the c r e d i t r i s k s i n h e r e n t i n p roposa ls they 
c o n s i d e r f o r l o a n s . 
The R i sk R a n k i n g T e c h n i q u e has been c o n s t r u c t e d i n a way 
t h a t c o v e r s c o m p r e h e n s i v e l y a l l t h e f a c t o r s i n v o l v e d i n 
d e c i s i o n m a k i n g and i s t r a n s p a r e n t t o t he p u b l i c . The 
Swiss Bank's method g i ves the main emphasis to the economic 
aspec ts o f the d e c i s i o n s c o n s i d e r e d . For assessment of the 
a c c e p t a b i l i t y o f t h e t e c h n i c a l a s p e c t s o f a p r o p o s a l t he 
Bank tends to r e l y on e x p e r t o p i n i o n w i t h o u t hav ing c l e a r l y 
d e f i n e d t e c h n i c a l c r i t e r i a a p r o p o s a l must s a t i s f y . The 
bank does not a t t e m p t to combine m a t h e m a t i c a l l y assessment 
o f t h e f a c t o r s c o n s i d e r e d i n t o a s i n g l e o v e r a l l r a t i n g 
t e r m , b u t j u s t d e v e l o p s an o v e r a l l q u a l i t a t i v e v i e w o f 
a c c e p t a b i l i t y . 
A t t e n t i o n a l s o has t o be d rawn t o t h e f a c t t h a t t he Rank ing 
Technique c o u l d be used i n the m o n o - f a c t o r Ranking form i n 
wh ich the s i g n i f i c a n c e of on ly one f a c t o r i s assessed. I f 
Ranking based on ly on one f a c t o r i s compared w i t h the Swiss 
Bank t e c h n i q u e the on ly d i f f e r e n c e between the two methods 
i s j u s t the c r i t e r i a used to r a t e a c c e p t a b i l i t y . Whi le i t 
i s p o s s i b l e to conce i ve t h a t the c r i t e r i a f o r mono - fac to r 
R i s k R a n k i n g and t h e S w i s s B a n k ' s m e t h o d s c o u l d be 
harmon ised by a d o p t i n g the same c r i t e r i a , such a view would 
r e p r e s e n t a m i s u n d e r s t a n d i n g o f t h e r o l e s o f t he two 
methods. Risk Ranking i s i n t ended f o r the o v e r a l l v iew of 
a c c e p t a b i l i t y and t he Bank 's methods a re i n t e n d e d f o r 
assess i ng c r e d i t w o r t h i n e s s . 
Of t h e t w e n t y f i v e f a c t o r s t he S w i s s Bank C o r p o r a t i o n 
assess , t w e n t y f o u r are concerned w i t h economic per formance 
o f t h e c o u n t r y and o n l y one i s c o n c e r n e d w i t h p o l i t i c a l 
r i s k . T h i s does n o t mean t h a t p o l i t i c a l r i s k i s o n l y 
c o n s i d e r e d t o have one t w e n t y f i f t h o f t he i m p o r t a n c e of 
a l l t h e o t h e r p a r a m e t e r s c o n s i d e r e d . But i s does s u g g e s t 
t h a t t h e y b e l i e v e t h a t f o r t h e i r p u r p o s e a r a n g e o f 
142 
e c o n o m i c p a r a m e t e r s have t o be c o n s i d e r e d i n o r d e r t o 
a r r i v e a t a j u s t i f i a b l e o p i n i o n about the a c c e p t a b i l i t y of 
the r e l e v a n t economic c o n d i t i o n s . 
The d i f f e r e n c e s i n t he t h e o r e t i c a l j u s t i f i c a t i o n be tween 
the Risk Ranking Technique and the Swiss Bank's methods are 
c o n s i d e r a b l e . These d i f f e r e n c e s m a i n l y s tem f r o m the 
d i f f e r e n c e s i n the p h i l o s o p h y on wh ich the two approaches 
a r e b a s e d . The S w i s s Bank 's a p p r o a c h i s e s s e n t i a l l y 
p r a g m a t i c w i t h the r e s u l t s o f the assessment p resented in 
n a t u r a l l anguage. The Risk Ranking Technique a t t e m p t s to 
r e l a t e an o r d i n a l index of a c c e p t a b i l i t y to the r e s u l t of a 
r i g o r o u s q u a n t i t a t i v e a s s e s s m e n t o f a l l t h e i s s u e s 
i n v o l v e d . The methods of w e i g h t i n g and comb in ing f a c t o r s 
i n t h e R i s k R a n k i n g T e c h n i q u e a re c l e a r l y d e f i n e d and 
d e f e n s i b l e and the whole process i s t r a n s p a r e n t . Wi th the 
R a n k i n g T e c h n i q u e t h e p r o p o s e r has a c l e a r v i e w o f t he 
c o n d i t i o n s he has t o t r y and s a t i s f y . I n t he p r o c e d u r e s 
used by the Bank the t a r g e t s t h a t a p roposer has to s a t i s f y 
are no t c l e a r l y s t a t e d , they cou ld be d e s c r i b e d as a r r i v i n g 
a t a d e c i s i o n based on e x p e r i e n c e . 
The s t a r t i n g p o i n t f o r a n a l y s i s o f the adequacy of the two 
me thods i s t h e d i f f e r e n c e i n t he a ims o f t he two me thods . 
The me thods t h e S w i s s Bank use a re e s s e n t i a l l y a imed a t 
c h e c k i n g t h a t no r i s k s a re a c c e p t e d t h a t c o u l d damage t he 
c o m p a n y ' s p r o f i t a b i l i t y . A l t h o u g h t h e R i s k R a n k i n g 
T e c h n i q u e i s a imed a t t h e w i d e r h o r i z o n o f c o m p r e h e n s i v e 
a c c e p t a b i l i t y o f t h e l o n g t e r m b e n e f i t t o s o c i e t y . W h i l e 
t h e R i s k R a n k i n g T e c h n i q u e c o u l d be a d j u s t e d t o s i m p l y 
a s s e s s t h e r i s k s f i n a n c i a l i n s t i t u t i o n s c o n s i d e r t he 
r e v e r s e i s n o t t r u e . W i t h any method o f a s s e s s m e n t t he 
f a c t o r s assessed and the way t h e i r s i g n i f i c a n c e i s we igh ted 
and combined has to match the d e c i s i o n . The w e i g h t i n g and 
c o m b i n i n g o f f a c t o r s i s p e r h a p s t he most c o n t r o v e r s i a l 
f e a t u r e o f any a i d to d e c i s i o n mak ing. Can t h i s be done on 
any more than an e m p i r i c a l bas is? The methods ment ioned in 
C h a p t e r 2 , such as t h e 'Z ' t e s t f o r p o t e n t i a l b a n k r u p t c y , 
and the methods banks use to assess a p p l i c a t i o n s f o r l o a n s , 
t h e w e i g h t i n g and m e t h o d s o f c o m b i n i n g f a c t o r s a r e 
p r a g m a t i c and are on ly a c c e p t a b l e i f the p r e d i c t i o n s they 
g i v e ag ree f a i r l y c l o s e l y w i t h e x p e r i e n c e . Even i f t he 
p r e d i c t i o n s t h e me thods g i v e f i t a p a r t i c u l a r s e t o f 
c i r c u m s t a n c e s v e r y w e l l t h e r e i s no r e a s o n f o r assum ing 
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t h e y w i l l p r e d i c t ou t comes a c c u r a t e l y i n o t h e r s e t s o f 
c i r c u m s t a n c e s . I t i s a l s o p o s s i b l e o t h e r e m p i r i c a l 
e q u a t i o n s c o u l d be dev i sed us ing q u i t e d i f f e r e n t parameters 
wou ld be e q u a l l y e f f i c a c i o u s . 
C o m p a r i n g t h e m e t h o d s t h e S w i s s bank uses w i t h t h e 
Comprehensive Risk Ranking Technique does g i ve r i s e to two 
i n t r i g u i n g q u e s t i o n s , w h i c h a r e : 1 . In a r r i v i n g a t t h e i r 
d e c i s i o n s do banks take a too s h o r t te rm v iew? 2. Is the 
p r o f i t marg in expec ted f rom f i n a n c i n g p r o j e c t s of any k i nd 
too h igh? These q u e s t i o n s have many i m p l i c a t i o n s . Major 
p r o j e c t s may take f i v e to ten yea rs to c o m p l e t e , a bus iness 
may take f i v e to ten yea rs to become p r o p e r l y e s t a b l i s h e d 
and i t can be t h r e e o r more y e a r s b e f o r e t he p a t t e r n o f 
i n s u r a n c e l o s s e s i s known . I f p r o f i t i s j u d g e d on an 
a n n u a l b a s i s i t r e p r e s e n t s wha t c o u l d be d e s c r i b e d as t he 
r e t a i l t r a d i n g s y n d r o m e , w h i c h w o r k s a g a i n s t a c c e p t i n g 
p r o p o s a l s t h a t when j u d g e d on a t h r o u g h l i f e b a s i s w o u l d 
make a more u s e f u l c o n t r i b u t i o n to s o c i e t y . The c o n c l u s i o n 
t h a t these comments suggest i s t h a t when f i n a n c e of major 
p r o j e c t s are c o n s i d e r e d the whole bas i s f o r the p roposa ls 
mus t be u n d e r s t o o d and t h e i r l o n g t e r m i m p l i c a t i o n s 
assessed i n d e t a i l . The assessment must i n c l u d e the s o c i o -
p o l i t i c a l i m p l i c a t i o n s of the p r o j e c t as i t i s e s s e n t i a l to 
e n s u r e t h a t t h e o r g a n i s a t i o n s i n v o l v e d do no t become 
a s s o c i a t e d w i t h a p r o j e c t t h a t i s u n a c c e p t a b l e t o the 
p u b l i c a t l a r g e . 
W i th a l l me thodo log i es t h e r e i s some scope f o r deve lopment , 
as a l r e a d y m e n t i o n e d , i n C h a p t e r 2 , t h e S w i s s Bank 
C o r p o r a t i o n i t e r a t i v e l y r e f i n e t h e i r p rocedures . S i m i l a r l y 
t h e C o m p r e h e n s i v e R i sk R a n k i n g T e c h n i q u e has been under 
deve lopment s i nce 1973/74. A l a r g e p a r t of the development 
has been as a r e s u l t o f a p p l y i n g the Technique to s p e c i f i c 
c a s e s . T a i l o r i n g t h e r a n k i n g c r i t e r i a t o s p e c i f i c cases 
c o u l d be c o n s i d e r e d as l i m i t i n g the Techn ique 's p o t e n t i a l 
f o r u n i v e r s a l a p p l i c a t i o n . On t he o t h e r hand t a i l o r i n g 
c r i t e r i a c o u l d , w i t h some j u s t i f i c a t i o n be c o n s i d e r e d as 
m e r e l y a way o f e x p l o i t i n g t h e R a n k i n g T e c h n i q u e ' s 
p o t e n t i a l . C r i t e r i a s u i t a b l e f o r u n i v e r s a l a p p l i c a t i o n may 
t u r n o u t t o be so g e n e r a l t h a t t he e l e m e n t o f c r i t i c a l 
a n a l y s i s i n t h e T e c h n i q u e w o u l d be so d i l u t e d t h a t i t no 
l o n g e r r e p r e s e n t s a u s e f u l a i d to d e c i s i o n making. 
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The p o s s i b l e f u t u r e deve lopments of the Bank's assessment 
m e t h o d o l o g i e s a r e t h a t : t he t h e o r e t i c a l b a s i s o f t he 
p r o c e d u r e c o u l d be r e f i n e d and t h e way the f a c t o r s are 
w e i g h t e d and c o m b i n e d made l e s s a r b i t a r y . A l s o t h e 
p r o c e d u r e c o u l d be r e f i n e d i n a way t h a t g i v e s a p r o p o s e r a 
c l e a r u n d e r s t a n d i n g of what i s l i k e l y to be a c c e p t a b l e . 
Having compared the Risk Ranking Technique w i t h the Swiss 
Bank's methodo logy f o r d e t e r m i n i n g a c c e p t a b i l i t y of p r o j e c t 
r i s k s a t t e n t i o n i s now g i v e n t o t he methods the i n s u r a n c e 
i n d u s t r y use to assess the i n s u r a b i l i t y o f r i s k s . The aim 
b e i n g t o d e t e r m i n e i f t h e i r methods o f f e r any a d v a n t a g e 
over Risk Ranking and the Swiss Bank's methods. 
The way i n s u r a n c e i n d u s t r y d e a l s w i t h a v i a t i o n r i s k s 
i l l u s t r a t e s how t h e y dea l w i t h t he r i s k s o f c o m p l e x 
p r o j e c t s . A v i a t i o n i n s u r e r s o f f e r P r o d u c t s L i a b i l i t y 
i n s u r a n c e . T h i s i s i n s u r a n c e c o v e r f o r c o m p e n s a t i o n f o r 
d e a t h o r p e r s o n a l i n j u r y t o g e t h e r w i t h damage o r 
d e s t r u c t i o n o f p r o p e r t y s u f f e r e d by any person th rough the 
m a n u f a c t u r e , s u p p l y o r use o f a e r o p l a n e s . P r o d u c t 
l i a b i l i t y s i t u a t i o n s e x i s t i f : (117) 
1) There i s the p o s s i b i l i t y o f an a c c i d e n t / i n c i d e n t / o c c u r -
rence caus ing death or persona l i n j u r y t o g e t h e r w i t h damage 
or d e s t r u c t i o n of p r o p e r t y r e s u l t i n g f rom a p r o d u c t . 
2) The h a n d l i n g or use of a p roduc t i n which t he re e x i s t s 
any d e f e c t , f a u l t or c o n d i t i o n t h a t can cause harm. 
T h e r e a r e f i v e p r i n c i p l e c a u s e s t h a t can e x p o s e a 
m a n u f a c t u r e r to Produc t L i a b i l i t y they a r e : -
1) F a i l u r e by a m a n u f a c t u r e r t o e x e r c i s e r e a s o n a b l e c a r e 
i n the des ign of a p r o d u c t . 
2) F a i l u r e to e x e r c i s e reasonab le care i n the s e l e c t i o n of 
m a t e r i a l s used i n the p r o d u c t . 
3) F a i l u r e to e x e r c i s e reasonab le care i n the c o n s t r u c t i o n 
o f a p r o d u c t . 
4) F a i l u r e to e x e r c i s e reasonab le care i n the t e s t i n g of a 
p r o d u c t b e f o r e i t i s put i n t o use. 
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5) F a i l u r e t o i s s u e w a r n i n g s and manua ls i n c l e a r and 
u n d e r s t a n d a b l e language as to the safe and proper o p e r a t i o n 
o f the p r o d u c t . 
The v i e w has been e x p r e s s e d t h a t t he A v i a t i o n I n s u r a n c e 
marke t i s f r a g i l e . Doubt has been expressed t h a t the market 
c o u l d w i t h s t a n d a s i n g l e m a j o r c a t a s t r o p h e or a s e r i e s o f 
m i n o r c a t a s t r o p h i e s i n any one y e a r . I n 1986 t he maximum 
l i m i t o f l i a b i l i t y cover a v a i l a b l e was 1 b i l l i o n US d o l l a r s 
and the annual premium income was 150 m i l l i o n US d o l l a r s . 
(117) The i n s u r e r s a t t e m p t to assess t r e n d s in losses and 
t o e n s u r e t h a t a p p r o p r i a t e f u n d s a re a v a i l a b l e . Four 
e x a m p l e s i l l u s t r a t e t h e h i s t o r i c a l p a t t e r n o f l o s s e s and 
t h e i r m a g n i t u d e . I n 1974 a DCIO was l o s t . R e s u l t : 346 
passenger f a t a l i t i e s and L i a b i l i t y s e t t l e m e n t of 54,000,000 
US d o l l a r s . I n 1977 two B o e i n g 747 a i r c r a f t c o l l i d e d on 
T e n e r i f e r u n w a y . R e s u l t : 550 p a s s e n g e r f a t a l i t i e s and 
l i a b i l i t y s e t t l e m e n t 8 1 , 5 0 0 , 0 0 0 US d o l l a r s . I n 1979 DCIO 
c r a s h e d . R e s u l t : 258 p a s s e n g e r f a t a l i t i e s and l i a b i l i t y 
s e t t l e m e n t 1 0 4 , 0 0 0 , 0 0 0 US d o l l a r s . The l a s t 123 days o f 
1983 p r o v i d e t h e most d i r e c t examp le o f how t he a c c i d e n t 
p a t t e r n i n f l u e n c e premiums. In those 123 days t he re were 
15 t o t a l l osses and 5 major p a r t i a l l osses va lued i n t o t a l 
a t o v e r 4 0 0 , 0 0 0 , 0 0 0 US d o l l a r s . The A v i a t i o n I n s u r a n c e 
m a r k e t r e a c t e d s w i f t l y and d r a m m a t i c a l l y i n c r e a s e d 
premiums. For d e c i s i o n s about premiums a i r c r a f t i n s u r e r s 
do b e s i d e s s t a t i s t i c a l e v i d e n c e a b o u t l o s s p a t t e r n s know 
the q u a n t i t a t i v e r e l i a b i l i t y r e q u i r e m e n t s r e g u l a t o r s demand 
a i r c r a f t shou ld s a t i s f y . (The r e g u l a t o r y r equ i r emen ts are 
shown i n F i g u r e 5 ) . 
I n t h e g e n e r a l sense t he c r i t e r i a f o r i n s u r a b i l i t y have 
been d e f i n e d by B e r l i n e r , of the Swiss Reinsurance Company, 
as c o n s i s t i n g of n ine p a r t s . (118) The n ine p a r t s a r e : -
1) Randomness of l o ss e v e n t s . 
2) Maximum p o s s i b l e l o s s . 
3) Average l o s s per o c c u r r e n c e . 
4 ) Average p e r i o d of t ime between l oss o c c u r r e n c e s . 
5) I nsu rance premium. 
6) Moral p o l i c y . 
7) Legal r e s t r i c t i o n s . 
8) P u b l i c p o l i c y . 
9) Cover l i m i t s . 
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The ways i n wh ich i nsu rance c r i t e r i a l i m i t i n s u r a b i l i t y are 
s u m m a r i s e d i n T a b l e 3 3 . The l i m i t s a r e s t a t e d i n 
q u a l i t a t i v e t e r m s . The l i m i t s c o u l d be d e s c r i b e d as 
d e f i n i n g a s e t o f i n s u r a b l e a c t i v i t i e s t h a t i n c l u d e s : 
d i r e c t l o s s e s due t o n a t u r a l c a t a s t r o p h i e s , f i r e s , t h e f t , 
e q u i p m e n t f a i l u r e and i n d i r e c t l o s s e s such as l o s s o f 
p r o d u c t i o n and l o s s o f b u s i n e s s . The f o l l o w i n g examp les 
i l l u s t r a t e t h e n a t u r e o f i n d i r e c t l o s s e s and t h e i r 
i n s u r a b i l i t y . ( 1 1 9 ) L o s s o f p r o f i t due t o b u s i n e s s 
i n t e r r u p t i o n r e s u l t i n g f rom s t r i k e s i s a l oss t h a t i t would 
be d i f f i c u l t t o o b t a i n c o v e r f o r . One reason f o r such 
c o v e r b e i n g d i f f i c u l t i s t h a t i t w o u l d be a f o r m o f 
i n s u r a n c e t h a t c o u l d be abused, as the e x i s t e n c e of such a 
p o l i c y c o u l d be used as a weapon f o r an employer to use i n 
b a r g a i n i n g w i t h h i s l a b o u r f o r c e . In c o n t r a s t a l o s s o f 
p r o f i t s c o v e r c o u l d be and o f t e n i s i n c l u d e d i n a f i r e 
p o l i c y . N a t i o n a l i s a t i o n i s ano ther type of r i s k t h a t would 
be d i f f i c u l t t o i n s u r e a g a i n s t as t he p remium w o u l d be 
i m p o s s i b l e to c a l c u l a t e and t h e r e may be l e g a l r e s t r i c t i o n s 
a g a i n s t such i n s u r a n c e . I n s u r a n c e a g a i n s t k i d n a p p i n g i s 
a l s o d i f f i c u l t to o b t a i n as i t may be abused. Other r i s k s 
t h a t f a l l i n t o the u n i n s u r a b l e ca tego ry a r e : cover a g a i n s t 
c i v i l commot i on , s p e c u l a t i v e and e n t r e p r e n e u r i a l r i s k s . 
T h i s o u t l i n e o f t h e l i m i t s t h e i n s u r a n c e i n d u s t r y uses t o 
d e f i n e the a c c e p t a b i l i t y of r i s k s shows t h a t a l t hough they 
do n o t assess t e c h n i c a l , econom ic and s o c i o - p o l i t i c a l 
f a c t o r s i n t h e same t e r m s as t he R isk Rank ing T e c h n i q u e , 
they do i n d i r e c t l y make some a l l owance f o r them. Techn ica l 
f a c t o r s are to some e x t e n t covered by the randomness of the 
l o s s e v e n t , t h e a v e r a g e p e r i o d o f t i m e b e t w e e n l o s s 
o c c u r r e n c e s and by t h e maximum l o s s and a v e r a g e l o s s per 
o c c u r r e n c e c r i t e r i a . Economic f a c t o r s a re c o v e r e d by : 
i n s u r a n c e p r e m i u m , c o v e r l i m i t s and ave rage l o s s per 
o c c u r r e n c e c r i t e r i a . S o c i o - p o l i t i c a l f a c t o r s a re p a r t l y 
c o v e r e d by m o r a l p o l i c y , l e g a l r e s t r i c t i o n s and p u b l i c 
p o l i c y c r i t e r i a . Even though the i nsu rance i n d u s t r y takes 
some a c c o u n t o f t e c h n i c a l , econom ic and s o c i o - p o l i t i c a l 
f a c t o r s t h e y do n o t a t t e m p t t o rank t h e r e s u l t s o f t h e i r 
assessment i n the way the Ranking Technique does. However, 
t h e amount o f c o v e r t h e y a re w i l l i n g t o p r o v i d e and the 
p r e m i u m t h e y c h a r g e t o a c e r t a i n e x t e n t r e p r e s e n t t he 
c o n c l u s i o n t h e y draw f r o m t h e i r a s s e s s m e n t . P remiums do 
n o t c o r r e l a t e e x a c t l y w i t h r i s k , t h e r e l a t i o n s h i p i s 
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TABLE 33 Limits of Insurability defined by the Criteria for 
Insurability 
CRITERIA LIMITS IMPLIED 
Randomness of loss 
events 
I t would be d i f f i c u l t to insure an event 
for which the loss pattern is completely 
unknown. The l a r g e r the i n s u r e r ' s 
j o r t f o l i o of loss events the more l i ke l y 
ie i s to be able to accept a random 







These two c r i t e r i a are l i nked w i th the 
same l i m i t . The insurer w i l l attempt to 
balance the sum of his losses that i s : 
average loss per occurrence x number of 
occurrences per year expected in his 
p o r t f o l i o , with his premium income. 
(The Aviation insurance examples given 
above i l l u s t r a t e th is po in t ) . 
The premium i s equal to the expected 
annual loss plus expenses loaded to take 
account of any uncertaint ies associated 
wi th the proposal. 
Moral Policy This represents the allowance tha t has 
to be made for non quant i f iable actions 
t ha t may be taken to reduce or ampl i f y 
r i sks . 
Legal Restr ict ions L i m i t s set by insurance cont rac t law. 
L i m i t s se t by i nsu rance i n d u s t r y ' s 
supervisory author i t ies. Some risks are 
covered by governments, f o r example 
insurance of nuclear reactors. 
Public Policy The extent to which crime, terrorism and 
s o c i a l u n r e s t may change the 
adequacy of an insurance. 
Cover Limits These l i m i t s the insurer spec i f i es in 
the po l i cy to ensure tha t both pa r t i es 
understand exact ly what i s covered and 
that the insurer is not exposed to some 
i l l defined unl imited r isk . 
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s u b j e c t t o m o d i f i c a t i o n by market f o r c e s . 
I n t h i s s t u d y t he d i s c u s s i o n has c o n c e n t r a t e d on the 
a s s e s s m e n t o f t h e a c c e p t a b i l i t y o f r i s k s t h a t f i n a n c i a l 
i n s t i t u t i o n s k n o w i n g l y accep t . To comp le te the p i c t u r e of 
r i s k a c c e p t a b i l i t y some a t t e n t i o n must be g i v e n to the 
r i s k s t h a t a r e p a r t o f t h e i n s u r a n c e c o m p a n y ' s 
o r g a n i s a t i o n . These r i s k s can be c o n s i d e r e d under f i v e 
ma jo r h e a d i n g s , wh ich a r e : -
1 . R isks accepted be ing l a r g e r than funds a v a i l a b l e . 
2. Fraud by s t a f f and c l i e n t s . 
3. A u d i t R i s k . 
4 . N a t u r a l D i s a s t e r s . 
5. T e r r o r i s m . 
The way r i s k s a c c e p t e d may be l a r g e r t h a n f u n d s a v a i l a b l e 
has a l r e a d y been h i n t e d a t i n r e l a t i o n t o a v i a t i o n 
i n s u r a n c e . In the bank ing sphere the p r o v i s i o n s a bank has 
t o make f o r f o r e i g n c o u n t r i e s d e f a u l t i n g on loan repayments 
and b u s i n e s s e s g o i n g b a n k r u p t has r e c e n t l y caused many 
banks e m b a r r a s s m e n t t o t h e e x t e n t t h a t t h e y have had t o 
c a l l on r e s e r v e s and s o m e t i m e s had t o r educe d i v i d e n d s t o 
s h a r e h o l d e r s . Sound o r g a n i s a t i o n s w i l l t r y t o ensu re 
t h a t t h e i r w h o l e p o r t f o l i o o f r i s k s i s k e p t w i t h i n the 
f i n a n c i a l c a p a b i l i t y o f t he o r g a n i s a t i o n . T h o r n h i l l has 
d e s c r i b e d a check l i s t t h a t c o u l d be used f o r r e v i e w i n g the 
adequacy of the a r rangements i n an o r g a n i s a t i o n f o r keeping 
r i s k p o r t f o l i o i n l i n e w i t h f i n a n c i a l c a p a b i l i t y . (120) The 
e x a c t f o r m o f t h e check l i s t has t o be t a i l o r e d t o the 
p a r t i c u l a r o r g a n i s a t i o n i t i s a p p l i e d t o . 
F r a u d , w h i c h i s r e a l l y t h e f t , can be a v e r y s e r i o u s 
f i n a n c i a l r i s k . O f ten the person p e r p e t r a t i n g f r aud i s an 
e m p l o y e e o f t h e o r g a n i s a t i o n i n v o l v e d . But f r a u d i s a l s o 
p e r p e t r a t e d by people o u t s i d e an o r g a n i s a t i o n ; f o r example 
f a l s e c l a i m s about bus iness a c t i v i t y m igh t be made i n o rder 
t o e s t a b l i s h c r e d i t w o r t h i n e s s f o r a l o a n or u n j u s t i f i e d 
c l a i m s f o r compensa t ion f o r l o ss m igh t be made. Table 34, 
w h i c h i s d e r i v e d f r o m a s t u d y made by C h i c k e n , shows t h a t 
35% o f t h e i n s u r a n c e c l a i m s r e l a t e d t o c o m p u t e r sys tems 
were due to t h e f t and t h i s i n c l u d e s f r a u d . (121) 
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Table 34 Causes of Claims for Computer System Losses 
Flood 
Fi re 
L i g h t n i n g 
T h e f t 
Sabotage 
S t r i k e s 








( D e r i v e d f rom data i n Table 6 i n Ref. 121) 
A u d i t r i s k s i n c l u d e s : f r a u d o f t h e t y p e a l r e a d y m e n t i o n e d 
bu t a l s o i n c l u d e s f a i l u r e s to d iagnose c o r r e c t l y the impac t 
o f c l a i m s r e s u l t i n g f r o m r i s k s a c c e p t e d . Such a weakness 
can mean t h a t the management o f an o r g a n i s a t i o n i s unaware 
o f the magn i tude of t h e i r t r u e r i s k exposure . 
N a t u r a l d i s a s t e r s are an i nescapab le f a c t of l i f e . F l oods , 
f i r e s , l i g h t n i n g and ear thquakes are a lways l i k e l y to occur 
bu t the r i s k can g e n e r a l l y be reduced by c a r e f u l s i t i n g and 
c a r e f u l d e s i g n . Not a l l f l o o d and f i r e r i s k s can be 
c o n s i d e r e d n a t u r a l , b r o k e n w a t e r p i p e s can be a cause o f 
f l o o d i n g wh ich may d e s t r o y v i t a l r e c o r d s . S i m i l a r l y f i r e s 
may be due t o a v a r i e t y o f c a u s e s . A f i r e may p u t a 
c o m p a n y o u t o f b u s i n e s s . To a c e r t a i n e x t e n t t h e 
consequences of damage can be m i t i g a t e d i f an o r g a n i s a t i o n 
has an e f f e c t i v e d i s a s t e r recove ry p l a n . 
A c t s o f t e r r o r i s m i n c l u d i n g k i d n a p p i n g can have q u i t e 
d r a m a t i c c o n s e q u e n c e s w h i c h may n o t be c o v e r e d by 
i n s u r a n c e . I t i s p o s s i b l e t h a t a company may lose a very 
e f f e c t i v e c h i e f e x e c u t i v e who w o u l d be v e r y d i f f i c u l t to 
r e p l a c e . The f r e q u e n c y and s e v e r i t y o f a c t s o f t e r r o r i s m 
tends to be i n c r e a s i n g . (122) 
The c o m p a r i s o n o f b a n k i n g and i n s u r a n c e r i s k assessmen t 
p rocedures w i t h the Risk Ranking Technique suggests severa l 
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g e n e r a l c o n c l u s i o n s a b o u t t h e a s s e s s m e n t o f t h e 
a c c e p t a b i l i t y r i s k . The c o n c l u s i o n s a r e : -
1) The R i s k R a n k i n g , b a n k i n g and i n s u r a n c e m e t h o d s 
r e p r e s e n t t h r e e d i f f e r e n t a p p r o a c h e s t o a s s e s s i n g the 
a c c e p t a b i l i t y o f r i s k s . A l t h o u g h t h e m e t h o d o l o g i e s a re 
d i f f e r e n t each s t r i v e s i n i t s own way t o p r o v i d e c r i t e r i a 
f o r j u d g i n g a c c e p t a b i l i t y t h a t a r e e f f e c t i v e i n t h e 
a p p l i c a t i o n s they are used f o r . 
2 ) The R i s k R a n k i n g T e c h n i q u e i s t h e o n l y one t h a t 
a t t e m p t s to be t r u l y comprehens ive and b r i n g t o g e t h e r the 
a s s e s s m e n t o f t e c h n i c a l , e c o n o m i c and s o c i o - p o l i t i c a l 
aspec ts o f a d e c i s i o n i n t o an o v e r a l l o r d i n a l r a t i n g of the 
o v e r a l l a c c e p t a b i l i t y . 
3) The Risk Ranking Technique i s un ique i n be ing i n tended 
t o be t r a n s p a r e n t t o t h e p r o p o s e r and g i v e t he p r o p o s e r a 
c l e a r i n d i c a t i o n o f t he r e q u i r e m e n t s t h a t have t o be 
s a t i s f i e d . 
4) The t h e o r e t i c a l bas i s f o r the way the Ranking Technique 
b u i l d s up a c o m p r e h e n s i v e r a n k i n g o f a c c e p t a b i l i t y i s 
d e f e n s i b l e . The way t he banks and the i n s u r a n c e i n d u s t r y 
b u i l d up t h e i r v i e w o f a c c e p t a b i l i t y i s r a t h e r more 
p r a g m a t i c . I n a l l cases t he q u a l i t y o f any assessmen t 
depends on t h e q u a l i t y o f t he d a t a t h a t have t o be used . 
No a s s e s s m e n t t e c h n i q u e can p r e t e n d t o g i v e a sound 
a s s e s s m e n t i f i t has t o be based on u n c e r t a i n d a t a . One 
advantage of the Risk Ranking Technique i s t h a t i t p rov ides 
a l o g i c a l s t r u c t u r e f o r the a n a l y s i s o f the s i g n i f i c a n c e of 
u n c e r t a i n t i e s . 
5) The c r i t e r i a used f o r j u d g i n g a c c e p t a b i l i t y can be 
t a i l o r e d to s u i t the r e q u i r e m e n t s o f p a r t i c u l a r f a m i l i e s of 
d e c i s i o n s . But t h i s does not mean the c r i t e r i a are p e r f e c t 
and i n f a l l i b l e . The d i f f e r e n c e b e t w e e n t he economic 
c r i t e r i a p r o p o s e d f o r t h e R a n k i n g T e c h n i q u e and t h e 
m u l t i p l i c i t y o f e c o n o m i c p a r a m e t e r s b a n k s c o n s i d e r 
i l l u s t r a t e s s o m e t h i n g o f t he v a r i a t i o n i n t he range o f 
pa rame te rs i t may be necessary to c o n s i d e r i n some d e c i s i o n 
making s i t u a t i o n s . 
6) In the process of d e t e r m i n i n g the c r i t e r i a t h a t should 
be used t o j u d g e a c c e p t a b i l i t y s e v e r a l v e r y deep mora l 
q u e s t i o n s have t o be a n s w e r e d a b o u t wha t i s c o n s i d e r e d 
a c c e p t a b l e . 
7) There i s s t i l l consde rab le scope f o r development of the 
b a n k i n g , i n s u r a n c e and Risk Ranking me thodo log ies . 
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CHAPTER 10 
The Optimum Method of A s s e s s i n g Dec is ion Options 
I n t h i s c h a p t e r an a t t e m p t i s made t o answer the most 
d i f f i c u l t q u e s t i o n of t h i s s tudy . The q u e s t i o n i s : what i s 
t h e o p t i m u m method f o r a s s e s s i n g d e c i s i o n o p t i o n s ? In 
o r d e r t o b u i l d up an answer to t h a t q u e s t i o n s i x subs ida ry 
q u e s t i o n s have to be answered they a r e : -
1 . What w i l l be the env i r onmen t i n which the d e c i s i o n 
has to be made? 
2 . What t y p e o f d e c i s i o n has t he m e t h o d o l o g y t o be 
ab le to deal w i t h ? 
3. From what range of me thodo log ies w i l l the opt imum 
method be s e l e c t e d ? 
4 . What e x p e r i e n c e has t h e r e been w i t h the methods? 
5. What data w i l l be a v a i l a b l e about the proposa l the 
methodology would be used on? 
6. How w i l l t h e e f f i c a c y o f t h e m e t h o d o l o g i e s 
c o n s i d e r e d be t e s t e d ? 
From the answers to these s i x q u e s t i o n s an a t t e m p t i s made 
to draw c o n c l u s i o n s about what i s l i k e l y to be the opt imum 
method and to i l l u s t r a t e i t ' s e f f i c a c y by a p p l y i n g i t to a 
h y p o t h e t i c a l p r o j e c t . 
The D e c i s i o n Environment 
The d e c i s i o n s t o be c o n s i d e r e d a re m a j o r p r o j e c t s o f 
n a t i o n a l o r even i n t e r n a t i o n a l i m p o r t a n c e . The d e c i s i o n 
about the a c c e p t a b i l i t y o f the p r o j e c t w i l l be taken e i t h e r 
a t m i n i s t e r i a l o r b o a r d l e v e l and w i l l be s u b j e c t t o 
e x t e n s i v e p u b l i c s c r u t i n y . The people t a k i n g the d e c i s i o n 
w i l l be a d v i s e d by a c o m p e t e n t team w i t h the n e c e s s a r y 
s k i l l s and r e s o u r c e s t o make t h e n e c e s s a r y d e t a i l e d 
assessments about a c c e p t a b i l i t y . The d e c i s i o n process w i l l 
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c o n s i s t o f f i v e d e c i s i o n s teps as shown d i a g r a m m a t i c a l l y in 
F i g u r e 8. The d e c i s i o n s t e p s a r e : - c o n c e p t u a l d e s i g n , 
d e t a i l d e s i g n , p l a c i n g c o n s t r u c t i o n c o n t r a c t , c o n s t r u c t i o n 
and o p e r a t i o n . A t each s t a g e t h e r e i s t he o p t i o n t o 
abandon t h e p r o j e c t i f i t i s c o n s i d e r e d uneconomic or f o r 
some o t h e r reason u n a c c e p t a b l e . 
The Type of D e c i s i o n 
The e s s e n t i a l f e a t u r e s o f t he d e c i s i o n s a re t h a t : t hey 
i n v o l v e ma jo r p r o j e c t s , wh ich by t h e i r very na tu re s t r e t c h 
the resou rces and c a p a b i l i t y o f a l l i n v o l v e d . The p r o j e c t s 
a re l a r g e r t h a n w o u l d f i t n e a t l y i n t o t he e v e r y d a y l o a n 
d e c i s i o n s of a bank's loans o f f i c e r . Everyday loans be ing 
d e f i n e d as t h o s e t h e l o a n o f f i c e r w o u l d d e c i d e on h i s own 
assessment o f a c l i e n t ' s p r o p o s a l . The assessment p o s s i b l y 
i n c l u d i n g a n a l y s i s o f t h e c l i e n t ' s : b a l a n c e s h e e t , p r o f i t 
and l o s s a c c o u n t , r e t a i n e d e a r n i n g s account and source and 
a p p l i c a t i o n o f funds s t a t e m e n t . The assessment procedure 
may i n c l u d e t e s t r a t i o s o f some of the f i g u r e s to de te rm ine 
t h e c o m m e r c i a l v i a b i l i t y o f t h e p r o p o s a l and p r o p o s e r . 
(122) But such an assessment would not i n v o l v e e v a l u a t i o n , 
to any s i g n i f i c a n t e x t e n t , of the a s s o c i a t e d t e c h n i c a l and 
s o c i o - p o l i t i c a l f a c t o r s . 
Range of Methodologies from which the Optimum Method w i l l 
be s e l e c t e d 
The m e t h o d o l o g i e s c o n s i d e r e d w i l l be : The R isk Rank ing 
T e c h n i q u e , t h o s e u s e d by f i n a n c i a l i n s t i t u t i o n s as 
d e s c r i b e d i n C h a p t e r 2 and d i s c u s s e d i n C h a p t e r 9 and the 
a l t e r n a t i v e methods d i scussed i n Chapter 7 and 8. 
Exper ience with Methodologies 
As m e n t i o n e d i n C h a p t e r 1 t he R isk Rank ing T e c h n i q u e has 
been u n d e r d e v e l o p m e n t s i n c e 1 9 7 3 / 7 4 . S u b s e q u e n t 
d e v e l o p m e n t was f u n d e d b o t h by t he U n i t e d Kingdom A t o m i c 
Energy A u t h o r i t y and by t h e C o m m i s s i o n o f t he European 
Commun i t i es . The v a r i o u s stages of the development of the 
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the deve lopment the t e c h n i q u e was a p p l i e d by Chicken to the 
assessment o f the f o l l o w i n g d e c i s i o n s : Canvey I s l a n d , Moss 
M o r r a n , R i j nmond , Channel Tunnel and Energy O p t i o n s . These 
assessments are d e s c r i b e d i n r e f e r e n c e 12. 
The methods the f i n a n c i a l i n s t i t u t i o n s use have been i n use 
f o r a number o f y e a r s and l i k e t h e R i sk R a n k i n g T e c h n i q u e 
have been s u b j e c t to i t e r a t i v e deve lopment . 
D e t a i l s a v a i l a b l e about proposal to be a s s e s s e d 
I t i s assumed t h a t t h e f i r s t d e c i s i o n t o be assessed w i l l 
be the one taken a t the concep tua l s tage and w i l l be based 
on an o u t l i n e s p e c i f i c a t i o n o f t he p r o p o s a l . The f o r m an 
o u t l i n e s p e c i f i c a t i o n may take f o r a h y p o t h e t i c a l p r o j e c t 
t o b u i l d a 1000 sea t ae rop lane i s shown i n Table 35. 
Determining the e f f i c a c y of the methodologies considered 
The ma in t e s t w i l l be how c o m p r e h e n s i v e an a s s e s s m e n t o f 
the p roposa l the methodology g i v e s . 
The c o n c l u s i o n s w i l l i d e n t i f y what are c o n s i d e r e d to be the 
a p p r o p r i a t e d e c i s i o n o p t i o n assessment t echn iques f o r each 
s tage o f the p r o j e c t . 
Now u s i n g t he h y p o t h e t i c a l case o f a p r o p o s a l f o r a 1000 
sea t a i r l i n e r the e f f i c a c y of the assessment me thodo log ies 
can be i l l u s t r a t e d . 
The p r o j e c t i s i n the rea lms of p o s s i b i l i t y and i s endowed 
w i t h s e v e r a l p o t e n t i a l l y c o n t r o v e r s i a l a s p e c t s . I t i s 
assumed the p r o j e c t has a r r i v e d a t the concep tua l stage so 
t h e d e c i s i o n maker w i l l be f a c e d w i t h t h e p r o b l e m o f 
d e c i d i n g w h e t h e r or n o t i t s h o u l d be b r o u g h t t o f r u i t i o n 
and i f i t i s , how shou ld i t be b rough t to f r u i t i o n . 
T h e r e i s some g o v e r n m e n t a l i n v o l v e m e n t so i t i s no t 
d i f f i c u l t to env isage the type of p o l i t i c a l c o n s i d e r a t i o n s 
t h a t must be taken i n t o accoun t . 
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Table 35 C o n c e p t u a l S p e c i f i c a t i o n f o r 1000 S e a t 
A i r c r a f t P r o j e c t 
NAME OF PROJECT: The 1000 sea t a i r c r a f t p r o j e c t 
NATURE OF THE PROJECT: ( S p e c i f i c a t i o n ) 
The p r o j e c t i s t o d e s i g n , t e s t and manu fac tu re a 1000 seat 
a i r c r a f t t h a t w i l l have a range o f 12,000 m i l e s and a l i f e 
i n e x c e s s o f 1 0 0 , 0 0 0 f l y i n g h o u r s . A speed o f Mach 0.95 
( s u b - s o n i c ) , a s e r v i c e c e i l i n g o f 14 ,000 m e t r e s . A c a r g o 
v a r i a n t t o be c a p a b l e o f c a r r y i n g 150 t o n s o f c a r g o . 
C a p a b l e o f l a n d i n g and t a k i n g o f f f r o m e x i s t i n g a i r p o r t 
runways . 
ORGANISATION OF PROJECT: 
The p r o j e c t t o be u n d e r t a k e n by a s i n g l e company s e t up 
s p e c i a l l y f o r t h e p u r p o s e w i t h h a l f t h e 50 m i l l i o n pounds 
c a p i t a l p r o v i d e d by t h e g o v e r n m e n t and h a l f by a s i n g l e 
m a j o r a i r c r a f t m a n u f a c t u r e r . The g o v e r n m e n t w o u l d 
u n d e r w r i t e commerc ia l bank loans up to 500 m i l l i o n pounds. 
In t he l ong t e rm deve lopment c o s t s are t o be recovered and 
an a d e q u a t e r e t u r n made on t h e i n v e s t m e n t . Wha teve r 
t e c h n i c a l r e s o u r c e s t h e c o m p a n y needs t h a t a r e n o t 
a v a i l a b l e f rom the company's own resources are to be bought 
i n a t o r d i n a r y commerc ia l r a t e s . 
TIMESCALE: 
One yea r f o r a p r e l i m i n a r y des ign s t u d y . 
T h r e e y e a r s f o r d e t a i l e d d e s i g n s t u d y and a l l 
r e s e a r c h and development work r e q u i r e d . 
Two y e a r s t o b u i l d a p r o t o t y p e . 
One y e a r f o r t e s t f l y i n g and c e r t i f i c a t i o n o f 
a i r c r a f t . 
I f a f t e r e i g h t y e a r s t h e r e were n o t enough o r d e r s t o make a 
v i a b l e c o m m e r c i a l p r o p o s i t i o n t h e p r o j e c t w o u l d be wound 
up . 
PROBLEMS ANTICIPATED: 
1 . A i r l i n e s are u n w i l l i n g to buy a 1000 seat a e r o p l a n e . 
2 . A i r p o r t owners are u n w i l l i n g to adapt t h e i r a i r p o r t s to 
hand le 1000 sea t a i r c r a f t . 
3 . C o u n t r i e s a r e u n w i l l i n g t o a d a p t t h e i r t r a n s p o r t 
f a c i l i t i e s t o the needs o f a i r p o r t s h a n d l i n g 1000 seat 
a i r c r a f t . 
4 . The i n s u r a n c e marke t u n w i l l i n g to i n s u r e an aerop lane 
w i t h 1000 passengers . 
5. 100,000 hour l i f e cannot be a c h i e v e d , 
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At t h e b e g i n n i n g o f t h e p r o j e c t t h e d e c i s i o n has t o be made 
m a i n l y on the b a s i s o f q u a l i t a t i v e ev i dence . The d e c i s i o n 
maker w i l l need t o be c o n v i n c e d a b o u t t he t e c h n i c a l , 
economic and s o c i o - p o l i t i c a l a c c e p t a b i l i t y o f the p r o p o s a l . 
He s h o u l d , a t l e a s t i n an i d e a l w o r l d , be p r o v i d e d w i t h 
d a t a a b o u t t h e t e c h n i c a l , e c o n o m i c and s o c i o - p o l i t i c a l 
a c c e p t a b i l i t y o f t h e p r o p o s a l . T h i s e v i d e n c e may show 
d i f f e r e n t d e g r e e s o f a c c e p t a b i l i t y f o r each f a c t o r . A 
s i m p l i f i e d m a t r i x o f a p o s s i b l e r a n g e o f d e g r e e s o f 
a c c e p t a b i l i t y the ev idence may show i t g iven i n Table 36. 
I f t h e R isk R a n k i n g T e c h n i q u e i s used i t i s p o s s i b l e a 
r a n k i n g o f a c c e p t a b i l i t y c o u l d be b u i l t up as shown i n 
F i g u r e 9. T h i s i s a g r o s s s i m p l i f i c a t i o n o f t he r a n k i n g 
p r o c e s s , many a s p e c t s o f t h e p r o p o s a l w o u l d have t o be 
s u b j e c t t o v e r y d e t a i l e d e v a l u a t i o n i n o r d e r t o e s t a b l i s h 
the r a n k i n g t h a t i s j u s t i f i e d . As the p r o j e c t proceeds i t s 
a c c e p t a b i l i t y w i l l be k e p t u n d e r r e v i e w . B e f o r e a 
c o m m i t m e n t i s made t o s t a r t c o n s t r u c t i o n i t i s l i k e l y a 
m a j o r r e v i e w o f t h e a c c e p t a b i l i t y o f t h e p r o j e c t w i l l be 
made. D u r i n g t h e d e s i g n p e r i o d t h e r e w i l l have been a 
c o n s i d e r a b l e i m p r o v e m e n t i n t h e d a t a a v a i l a b l e a b o u t t he 
p r o j e c t . T h i s w i l l e n a b l e t h e j u s t i f i c a t i o n f o r t he 
d e c i s i o n t o be p u t on a s o u n d e r base . The t y p e o f t he 
i m p r o v e m e n t i n t h e j u s t i f i c a t i o n t h a t i s l i k e l y t o t a k e 
p l ace i s i n d i c a t e d i n the assessment p o s t u l a t e d i n F i g . 10. 
Now c o n s i d e r i n g why t h e R i sk R a n k i n g T e c h n i q u e s h o u l d be 
c o n s i d e r e d as t h e o p t i m u m method o f a s s e s s i n g d e c i s i o n 
o p t i o n s . 
In Chapter 7 and 8 t w e n t y a l t e r n a t i v e me thodo log ies to Risk 
Ranking were c o n s i d e r e d , a p a r t f rom m u l t i v a r i a t e methods 
and computer s i m u l a t i o n none of the methods j u s t i f i e d the 
t i t l e o f a comp le te a l t e r n a t i v e . Both m u l t i v a r i a t e methods 
and c o m p u t e r s i m u l a t i o n have l i m i t a t i o n s when a p p l i e d t o 
n o v e l p r o j e c t s f o r w h i c h t h e r e i s no d a t a . I n C h a p t e r 9 
t h e R i s k R a n k i n g T e c h n i q u e was c o m p a r e d w i t h t h e 
m e t h o d o l o g i e s f i n a n c i a l i n s t i t u t i o n s use t o assess t he 
a c c e p t a b i l i t y o f t h e r i s k s t h e y may be exposed t o . The 
methods f i n a n c i a l i n s t i t u t i o n s use tend to be p ragmat i c and 
f o c u s s e d on a s s e s s i n g t h e f i n a n c i a l r i s k s i n v o l v e d i n a 
p r o p o s a l . 
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Table 36 M a t r i x o f t h e p o s s i b l e d e g r e e s o f 
a c c e p t a b i l i t y shown by the evidence about the 
proposed 1000 sea t a i r c r a f t 
Degree of 
A c c e p t a b i 1 i t y 




S o c i o - p o l i t i c a l 
Aspects 
A c c e p t a b l e 
A c c e p t a b l e 
w i t h minor 
changes 
A c c e p t a b l e 
w i t h major 
changes 
Unaccep tab le 
O r i g i n a l 
s p e d f i c a t i o n 
met 
Addi t i onal 
work r e q u i r e d 
t o sa11s fy 
s p e c i f i c a t i o n 
E x t e n s i ve 
a d d i t i o n a l 
work r e q u i r e d 
to s a t i s f y 
spec i f i c a t i on 
No way to 
s a 11 s f y 
s p e c i f i c a t i o n 
or a c c e p t a b l e 
v a r i a t i o n of 
11 
Economi c 
r e t u r n 
r e q u i rements 
s a t i s f i e d 
I t w i l l take 
l onge r than 
expec ted to 
earn an 
a c c e p t a b l e 
r e t u r n 
Addi t i onal 
f u n d i ng 
requ1 red 
wh ich may 
make p r o j e c t 
uneconomical 
Economic 
t a r g e t s 
u n l i k e l y to 
be s a t i s f i e d 
No p u b l i c or 
p o l 1 t i c a l 
o p p o s i t i o n to 
the p r o j e c t 
Some p u b l i c 
o p p o s i t i o n to 
the p r o j e c t 
Se r ious p u b l i c 
o p p o s i t i o n to 
the p r o j e c t . 
I t may not be 
p o s s i b l e to 
reduce 
o p p o s i t i o n 
Ex tens 1ve 
o p p o s i t i o n to 
the p r o j e c t 
t h a t cannot be 
p i a c a t e d 
Be fo re r e a c h i n g a d e f i n i t i v e c o n c l u s i o n about what can be 
i d e n t i f i e d as t h e o p t i m u m a s s e s s m e n t m e t h o d o l o g y 
c o n s i d e r a t i o n mus t be g i v e n t o t he f a c t t h a t i n t he l i f e o f 
a ma jo r p r o j e c t d e c i s i o n making goes th rough many phases, 
each w i t h i t s own c h a r a c t e r i s t i c s and p r o b l e m s . In 
F i g u r e 8 f i v e main s teps t o d e c i s i o n making are i d e n t i f i e d . 
The main c h a r a c t e r i s t i c s o f these s teps are summarised in 
T a b l e 3 7 , and i n T a b l e 38 t h e d e c i s i o n a s s e s s m e n t 
m e t h o d o l o g i e s a p p r o p r i a t e to each phase of the p r o j e c t are 









A i r c r a f t meets 
spec i f icat ion 
described in 
Table 35. 
Project y ie lds an 
11% net return per 
year on investment 






Outl ine drawings 
prepared. 
Performance 
calculat ions show 
performance 
required l i k e l y to| 
be achieved. 
Doubts about 
s t ructura l l i f e 
and engine noise 
level on take-of f 
S t i l l technical 
problems to be 
solved. Rank 3 
considered to be 
j u s t i f i e d . 
50 a i r c r a f t must 
be sold to cover 
development costs 
100 a i r c r a f t must 
be sold in 10 yrs 
to sat is fy y i e l d 
target . Possible 
cost estimate 
escalation + 50%. 




about cost ing. 
Rank 2 considered 
to be j u s t i f i e d . 
Some public 
opposition to 
t rave l l i ng in such 
large aeroplanes. 
Airports unwi l l ing 
to modify a i rports 
to take such large 
aeroplanes. 
Regulatory posit ion 
not clear. 
Doubts about 
acceptabi l i ty to be 
resolved. Rank 2 
considered to be 
j u s t i f i e d . 
Some major problems to be resolved but t ha t 
is expected at th is stage. 
Acceptabi l i ty of project at th is stage Ranked 
2. In other words s t i l l major problems to be 
resolved. (Possible decision recommendation 
to proceed to d e t a i l des ign stage w i t h 
d i rec t i ve to give at tent ion to resolving the 
problems iden t i f i ed . 
Fig. 9 Assessment of the 1000 Seat A i r c ra f t Project at the 









A i r c r a f t meets 
spec i f icat ion 
described in 
Table 35 
Project y ie lds an 
11% net re tu rn / 







Tunnel Tests and 
calculat ions 
indicate 
performance l i k e l y 
to be achieved. 
Some doubts about 
engine performance 
and the l i f e 
spec i f icat ion 
being met. 
Three a i r l i nes 
have made 
provisional orders 
- subject t o : -
a i r c r a f t meeting 
spec i f i ca t ion , 
sa t is fy ing a i r -
worthiness 
requirements and 
del ivery schedule. 
Airports unwi l l ing 
to adapt passenger 
handling in advance 





problems w i l l be 
resolved during 
early tes t f l y i ng 
of the prototype. 
Rank 3 considered 
to be j u s t i f i e d . 
Seems l i k e l y at 
least that 
development costs 
w i l l be recovered. 
Rank 3 considered 
to be j u s t i f i e d . 
I t is expected once 
plane is f l y i n g , 
a i rports w i l l adapt 
to handling items. 
Rank 3 considered 
to be j u s t i f i e d . 
OVERALL 
CONCLUSION 
I t seems during the prel iminary design period 
doubts about the success of the p r o j e c t have 
been reduced. I t i s considered t ha t the 
doubts tha t remain are l i k e l y to be resolved 
dur ing ea r l y product ion and t e s t f l y i n g . 
Acceptabi l i ty Ranked 3. Recommend proceed to 
major contract commitment. 
Fig. 10 Assessment of the 1000 Seat A i r c ra f t Project p r io r 
to Major Contract Commitment 
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Table 37 C h a r a c t e r i s t i c s of Major P r o j e c t Dec is ion Phases 
PHASE 
Pre 1 i mi na ry 
E x p l o r a t i o n 
o f concep t 
CHARACTERISTICS 
No data about the p r o j e c t . 
P r o j e c t d i s c u s s e d more i n t e r m s 
o f an i d e a . 
P r e l i m i n a r y des ign - c a l c u l a t i o n s 
e x p e r i m e n t s - s u r v e y s s u g g e s t 
p r o j e c t w o r t h w h i l e . 
D e c i s i o n mak i ng on 
b a s i s . a s u b j e c t i v e 
3. 
4 . 
D e t a i l e d des ign 
o f p r o j e c t 
D e c i s i o n to 
p repare f o r 
c o n s t r u c t i o n 
o f the p r o j e c t 
C o n s t r u c t i o n 
o f the p r o j e c t 
P u t t i n g the 
p r o j e c t i n t o 
s e r v i c e 
Data s t a r t s to emerge. 
Q u a n t i f i c a t i o n o f e s s e n t i a l 
p a r a m e t e r s d e v e l o p s b u t w i t h 
q u i t e a l a r g e m e a s u r e o f 
u n c e r t a i n t y . 
D e c i s i o n 
o b j e c t i v e 
q u a n t i f i e d 
m a k i n g b e c o m e s more 
as i t can be based on 
da ta . 
i m p l i c a t i o n s become 
be d e f i n e d w i t h g r e a t e r 
E c o n o m i c 
c l e a r e r 
Costs can 
p r e c i s i on. 
I t can be d e t e r m i n e d w h e t h e r or 
n o t t h e p r o j e c t i s a c c e p t a b l e t o 
r e g u l a t o r y b o d i e s and i n s o c i o -
p o l i t i c a l t e rms . 
D e c i s i o n mak i ng can be based 
b e t t e r da ta . on 
The p r o j e c t b e c o m e s a m a j o r 
f i n a n c i a l commitment. 
D e c i s i o n m a k i n g c o n c e r n e d w i t h 
d e t e r m i n i n g w h e t h e r or n o t t he 
p r o j e c t meets a l l g o a l s s e t f o r 
i t . 
P r o o f becomes a v a i l a b l e a b o u t 
w h e t h e r or n o t t h e p r o j e c t i s 
a c c e p t a b l e i n t e c h n i c a l , economic 
and s o c i o - p o l i t i c a l t e rms . 
O b j e c t i v e 
p o s s i b l e on 
D e c i s i o n m a k i n g 
t h e b a s i s o f good 
q u a l i t y q u a n t i t a t i v e da ta . 
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Table 38 Summary of d e c i s i o n a s s e s s m e n t methodology 
appropr ia te to d e c i s i o n aaking at each stage of 
a p r o j e c t 
PHASE APPROPRIATE DECISION ASSESSMENT 
METHODOLOGY 
P r e ! 1 mi nary 
E x p l o r a t i on 
i f concep t 
D e t a i l e d 
des ign of 
p r o j e c t 
A t t h i s s t a g e t h e r e w i l l be a s h o r t a g e 
o f d a t a on w h i c h t o b u i l d up a 
q u a n t i f i e d assessment . 
D e c i s i o n w i l l be b a s e d more on a 
c o m b i n a t i o n o f e x p e r t o p i n i o n and 
d i r e c t recommendat ion . 
D e c i s i o n m a k i n g can be s t r u c t u r e d 
u s i n g the Risk Ranking Techn ique . 
Q u a n t i f i e d d a t a w i l l s t a r t t o become 
a v a i l a b l e and i t w i l l be p o s s i b l e t o 
s t a r t b u i l d i n g up a c o m p r e h e n s i v e 
assessment o f a c c e p t a b i l i t y us ing the 
R i s k R a n k i n g T e c h n i q u e . I f c o m p u t e r 
s i m u l a t i o n o f the p roposa l i s used i t 
w i l l be p o s s i b l e t o e x p l o r e o p t i o n s 
and u n c e r t a i n t i e s a s s o c i a t e d w i t h the 
d e c i s i o n . 
D e c i s i o n t o 
p repare f o r 
c o n s t r u c t i o n 
of the 
p r o j e c t 
C o n s t r u c t i o n 
o f the 
p r o j e c t 
P u t t i n g the 
p r o j e c t i n t o 
s e r v i c e 
A t t h i s s t a g e t h e r e w i l l be a m a j o r 
c o m m i t m e n t o f f u n d s so a f a i r l y 
a c c u r a t e c o m p r e h e n s i v e assessment of 
a c c e p t a b i l i t y can be made u s i n g t he 
R i s k R a n k i n g T e c h n i q u e as t h e r e w i l l 
be s u f f i c i e n t d a t a a v a i l a b l e t o make 
a l l t h e n e c e s s a r y s u p p o r t 
assessments . 1 n g 
A t t h i s s t a g e t h e m a g n i t u d e o f 
v a r i a t i o n i n r e a l c o s t s become known 
and a c c e p t a b i l i t y can be assessed w i t h 
c o n i d e r a b l e p r e c i s i o n . 
W i t h t h e c o n s t r u c t i o n o f t he p r o j e c t 
c o m p l e t e a d e c i s i o n can be made about 
p u t t i n g t h e p r o j e c t i n t o o p e r a t i o n . 
T h i s d e c i s i o n s h o u l d be based on a 
c o m p r e h e n s i v e a s s e s s m e n t o f a l l t he 
f a c t o r s i n v o l v e d . F o r s u c h an 
assessment the Risk Ranking Technique 
i s an a p p r o p r i a t e t o o l . 
163 
The c o n c l u s i o n s t h a t appea r t o be j u s t i f i e d a b o u t t he 
phases i n d e c i s i o n m a k i n g a r e : - 1) D u r i n g t he l i f e o f a 
p r o j e c t the data a v a i l a b l e changes f rom v i r t u a l l y no data 
a t the c o n c e p t u a l s tage t o f a i r l y comprehens ive data a t the 
end o f t h e p r o j e c t . 2) A t t he c o n c e p t u a l s t a g e d e c i s i o n s 
have t o be based m a i n l y on o p i n i o n . 3) Then as the p r o j e c t 
proceeds and more data becomes a v a i l a b l e the assessment of 
a c c e p t a b i l i t y can be r e f i n e d and made more a c c u r a t e . 
Assuming the aim i s to have a comprehens ive assessment o f 
a c c e p t a b i l i t y o f d e c i s i o n o p t i o n s i t i s suggested t h a t the 
o p t i m u m method t h r o u g h o u t a p r o j e c t ' s l i f e i s t he Risk 
R a n k i n g T e c h n i q u e . The T e c h n i q u e p r o v i d e s a c o n s i s t e n t 
s t r u c t u r e t o o v e r a l l a s s e s s m e n t o f a c c e p t a b i l i t y , i t i s 
r e c o g n i s e d t h a t i t w i l l have t o be s u p p o r t e d by o t h e r 
t e c h n i q u e s ; f o r e x a m p l e a t t h e c o n c e p t u a l s t a g e e x p e r t 
o p i n i o n s w i l l be i m p o r t a n t and a t t he d e s i g n s t a g e t he 
t e c h n i q u e s f o r d e t a i l e d assessment o f the v a r i o u s f a c t o r s 
are i m p o r t a n t . Whatever t e c h n i q u e i s used the assessment 
w i l l have to be i t e r a t i v e l y r e f i n e d as the p r o j e c t proceeds 
and b e t t e r data becomes a v a i l a b l e . 
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CHAPTER 11 
Conc lus ions 
G e n e r a l l y no d e c i s i o n i s f r e e f r o m r i s k and i t i s t he 
d e c i s i o n m a k e r ' s t a s k t o d e t e r m i n e w h i c h d e c i s i o n w i l l 
c o m b i n e t h e l o w e s t r i s k and t h e h i g h e s t b e n e f i t . I n 
a d d i t i o n t h e d e c i s i o n m a k e r has t o e n s u r e t h a t t h e 
r e g u l a t o r y c o n s t r a i n t s on r i s k are not con t r avened . These 
c o n s t r a i n t s a p p l y e q u a l l y , b u t i n d i f f e r e n t w a y s , t o t he 
f i n a n c i a l and t e c h n o l o g i c a l a s p e c t s o f p r o p o s a l s . Banks 
a re c o n s t r a i n e d by r e g u l a t i o n t o t h e amount o f f i n a n c i a l 
r i s k t h e y can a c c e p t i n r e l a t i o n t o t h e i r a s s e t s . 
I n s u r a n c e companies have t o ba lance the r i s k s they accept 
w i t h t h e i r p o t e n t i a l p r e m i u m i n c o m e . P r o p o s e r s o f 
t e c h n o l o g i c a l p r o j e c t s b e s i d e s h a v i n g t o l i v e w i t h i n t he 
l i m i t s o f t h e i r f i n a n c i a l r e s o u r c e s g e n e r a l l y have t o 
s a t i s f y some r e g u l a t o r y a u t h o r i t y ' s about the a c c e p t a b i l i t y 
o f t h e t e c h n i c a l r i s k s i n v o l v e d . A l l d e c i s i o n s a re a l s o 
c o n s t r a i n e d by t h e s u b t l e and s o m e t i m e s i n t a n g i b l e 
c o n s t r a i n t s o f s o c i o - p o l i t i c a l f a c t o r s . 
In o r d e r to d e t e r m i n e wh ich d e c i s i o n o p t i o n w i l l g i ve the 
most a c c e p t a b l e r e s u l t many aspec ts o f the i ssues i n v o l v e d 
have to be assessed. At the top l e v e l o f d e c i s i o n mak ing , 
wh ich i s the main s u b j e c t o f t h i s s t u d y , the d e c i s i o n maker 
w i l l be concerned to have a comprehens ive assessment o f a l l 
t h e t e c h n i c a l , e c o n o m i c and s o c i o - p o l i t i c a l f a c t o r s 
i n v o l v e d . As has been shown t h e R i sk R a n k i n g T e c h n i q u e i s 
one way o f h e l p i n g t h e d e c i s i o n maker t o a r r i v e a t a 
d e c i s i o n by p r o v i d i n g him w i t h a s t r u c t u r e d comprehens ive 
assessment o f a l l the f a c t o r s i n v o l v e d . The Technique a l so 
p r o v i d e s t h e d e c i s i o n maker w i t h a c o n s i s t e n t way o f 
compar ing the s i g n i f i c a n c e of the s p e c i a l i s e d assessment of 
one f a c t o r w i t h t h e a s s e s s m e n t s o f o t h e r f a c t o r s . For 
example i s a f a v o u r a b l e t e c h n i c a l assessment l i k e l y to be 
negated by p rob lems i n f i n a n c i n g the p r o j e c t . 
I n t h e C h a p t e r s 8 - 10 t h e e f f i c a c y o f t h e T e c h n i q u e was 
compared w i t h o t h e r a i ds t o d e c i s i o n making i n c l u d i n g the 
methods used by f i n a n c i a l i n s t i t u t i o n s l i k e banks. The 
compar i son w i t h o t h e r d e c i s i o n making a ids showed t h a t the 
c o m p r e h e n s i v e n a t u r e o f t h e a s s e s s m e n t r e q u i r e d f o r R isk 
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R a n k i n g make i t o f more u n i v e r s a l a s s i s t a n c e i n d e c i s i o n 
making than most o t h e r methods c o n s i d e r e d and i t he lps to 
p u t t h e f i n d i n g s o f o t h e r m e t h o d s o f a s s e s s m e n t i n 
perspec t i ve . 
The c o m p a r i s o n o f t h e R isk R a n k i n g T e c h n i q u e w i t h the 
me thods used by f i n a n c i a l i n s t i t u t i o n s was no t j u s t a 
compar i son o f s i m i l a r a ids to d e c i s i o n making but r a t h e r of 
d i f f e r e n t a p p r o a c h e s t o t h e p r o b l e m . For u n d e r s t a n d a b l e 
r e a s o n s banks c o n c e n t r a t e on t he econom ic a s p e c t s o f t he 
r i s k s they are asked to accep t . For example the Swiss Bank 
C o r p o r a t i o n i n assess ing the a c c e p t a b i l i t y of making a loan 
t o a c o u n t r y c o n s i d e r s 24 econom ic c r i t e r i a whereas t he 
R i s k R a n k i n g T e c h n i q u e d e t e r m i n e s t he Rank ing o f t he 
a c c e p t a b i l i t y o f t h e e c o n o m i c a s p e c t s o f a r i s k on the 
b a s i s o f t h e a s s e s s m e n t o f a s i n g l e economic p a r a m e t e r . 
B u t e v a l u a t i o n o f t h e s i n g l e p a r a m e t e r r e q u i r e s a 
c o n s i d e r a b l e amount o f supp lemen ta ry assessment. A l s o , the 
R a n k i n g T e c h n i q u e g i v e s t e c h n i c a l , economic and s o c i o -
p o l i t i c a l f a c t o r s e q u a l w e i g h t . I f r e q u i r e d t he Rank ing 
T e c h n i q u e c o u l d be m o d i f i e d t o i n c o r p o r a t e a s s e s s m e n t o f 
more economic pa ramete rs and to g i v e economic f a c t o r s more 
w e i g h t . One f a c t o r i n t h e C o u n t r y R i s k A s s e s s m e n t 
p rocedure the Swiss Bank C o r p o r a t i o n use i s assessment of 
p o l i t i c a l and s o c i a l s t a b i l i t y on a ten p o i n t r a n k i n g sca le 
no s p e c i a l w e i g h t i s a t t a c h e d to t h i s f a c t o r , bu t doub t l ess 
i t i n f l u e n c e s the adv i ce the p r o x i m a t e d e c i s i o n maker g i ves 
t h e d e c i s i o n make r . A t t e n t i o n i s d rawn t o t he f a c t t h a t 
L l o y d ' s Bank rank t h e r e s u l t s o f t h e i r a s s e s s m e n t o f t he 
s i g n i f i c a n c e of the pa ramete rs they c o n s i d e r i n d e t e r m i n i n g 
a c c e p t a b i l i t y . In o t h e r words L l o y d ' s Bank a t t e m p t to put 
t h e i r f i n d i n g s i n o r d i n a l f o r m w h i l e t he S w i s s Bank 
C o r p o r a t i o n , a p a r t f r o m s o c i o - p o l i t i c a l f a c t o r s , use 
q u a l i t a t i v e t e r m s l i k e i m p r o v i n g or d e t e r i o r a t i n g t o 
d e s c r i b e the c o n c l u s i o n s f rom t h e i r assessment . Assessment 
o f t e c h n i c a l i s s u e s t e n d t o be t r e a t e d s e p a r a t e l y by t he 
banks and i f i t c a n n o t be done " i n house" t he a d v i c e o f 
o u t s i d e s p e c i a l i s t s i s s o u g h t . I n b u i l d i n g up t h e i r v i e w 
o f t h e a c c e p t a b i l i t y o f a p r o p o s a l banks assess i n a 
q u a l i t a t i v e way the r e l e v a n t expe r i ence and c a p a b i l i t y of 
t h e p r o p o s e r . T h i s i s a f e a t u r e o f d e c i s i o n mak ing t h a t 
has a l s o been i n c o r p o r a t e d i n t o the Risk Ranking Technique. 
The c o n c l u s i o n s t h a t seem t o be j u s t i f i e d f r o m t h e 
c o m p a r i s o n o f t h e p r o c e d u r e s a d o p t e d by f i n a n c i a l 
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i n s t i t u t i o n s w i t h Risk Ranking a r e : -
1) The Risk Ranking Technique g i ves a more comprehensive 
a s s e s s m e n t t h a n t h e p r o c e d u r e s used by f i n a n c i a l 
i n s t i t u t i ons . 
2) The f i n a n c i a l i n s t i t u t i o n s g i v e more w e i g h t t o 
assessment o f e c o n o m i c / f i n a n c i a l i ssues than i s g iven 
by t h e R i s k R a n k i n g T e c h n i q u e i n i t s g e n e r a l f o r m . 
But the Risk Ranking Technique can be t a i l o r e d to s u i t 
s p e c i f i c a p p l i c a t i o n s . 
3) Bo th t h e p r o c e d u r e s used by t h e N a t i o n a l W e s t m i n s t e r 
Bank and the Risk Ranking Technique make a l l owance f o r 
the e x p e r i e n c e and c a p a b i l i t y o f the p roposer . 
4) I n some o f t h e b a n k s ' p r o c e d u r e s t h e y o v e r t l y a c c e p t 
p a r t s o f t h e d a t a t o be used b e i n g j u d g e m e n t a l and 
o t h e r p a r t s be ing s t a t i s t i c a l . Th is d i f f e r e n c e i s not 
so c l e a r l y expressed i n the Risk Ranking Technique but 
has t o be t a k e n i n t o a c c o u n t when d e s i g n i n g the Rank 
s c o r i n g c r i t e r i a t o be s p e c i f i e d f o r a p a r t i c u l a r 
a p p l i c a t i o n . 
5) None o f t h e me thods t a k e d i r e c t l y i n t o a c c o u n t t he 
c a p a b i l i t y o f t h e i n s t i t u t i o n i t s e l f t o a c c e p t t he 
f i n a n c i a l r i s k s i n v o l v e d . I t i s t a c i t l y assumed t h a t 
banks w i l l keep w i t h i n t h e r e q u i r e d r i s k a s s e t r a t i o 
and t h a t i n s u r a n c e c o m p a n i e s have adequa te f i n a n c i a l 
r e s o u r c e s t o c o v e r a l l c l a i m s f r o m r i s k s t h e y have 
a c c e p t e d . 
6 ) A t t e n t i o n i s drawn to the impo r tance of the i n f o r m a t i o n 
on wh ich d e c i s i o n s are based be ing t r a n s p a r e n t . I f the 
i n f o r m a t i o n obscures the t r u t h any d e c i s i o n based on i t 
i s l i k e l y to be of d o u b t f u l v a l u e . 
I n C h a p t e r 3 an a t t e m p t was made t o b u i l d a t h e o r e t i c a l 
j u s t i f i c a t i o n f o r t h e R a n k i n g T e c h n i q u e . From t h i s 
e x a m i n a t i o n o f t h e t h e o r e t i c a l b a s i s o f R a n k i n g t h e 
f o l l o w i n g c o n c l u s i o n s are c o n s i d e r e d to be j u s t i f i e d . 
1) The d e s i g n o f t h e R a n k i n g S c a l e a p p e a r s t o g i v e an 
a d e q u a t e d i s t r i b u t i o n o f t h e p o s s i b l e v i e w s on 
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a c c e p t a b i 1 i t y . 
2) The method o f w e i g h t i n g and c o m b i n i n g t he t e c h n i c a l , 
economic and s o c i o - p o l i t i c a l f a c t o r s seems accep tab le 
and can i f n e c e s s a r y be v a r i e d t o m a t c h s p e c i a l 
d e c i s i o n making s i t u a t i o n s . 
3) The c r i t e r i a used f o r s c o r i n g t he s i g n i f i c a n c e o f t he 
economic , t e c h n i c a l and s o c i o - p o l i t i c a l f a c t o r s may be 
a d j u s t e d t o s u i t p a r t i c u l a r s p e c i a l f a m i l i e s o f 
dec i s i o n s . 
4) The c o n c l u s i o n s f r o m R a n k i n g a re n o t a b s o l u t e . There 
i s by t h e v e r y n a t u r e o f t h e s u b j e c t a d e g r e e o f 
u n c e r t a i n t y a s s o c i a t e d w i t h each s tage of the process . 
5) In some cases , p a r t i c u l a r l y when r e l e v a n t q u a n t i t a t i v e 
data are a v a i l a b l e , c o n v e n t i o n a l s t a t i s t i c a l methods 
i n c l u d i n g m u l t i v a r i a t e a n a l y s i s , f u z z y d a t a a n a l y s i s 
and computer s i m u l a t i o n can be a p p l i e d to g i ve a b e t t e r 
u n d e r s t a n d i n g o f t h e s i g n i f i c a n c e o f t he a s s o c i a t e d 
u n c e r t a i n t i e s . 
6 ) A m a t r i x fo rm of p r e s e n t a t i o n of the Ranking of o p t i o n s 
can be used to g i v e the d e c i s i o n maker a c l e a r p i c t u r e 
o f t h e a c c e p t a b i l i t y o f t h e o p t i o n s and o f t h e 
s i g n i f i c a n c e o f u n c e r t a i n t y i n the data t h a t has to be 
used. I m p l i c a t i o n s of p o s s i b l e f u t u r e scena r i os can be 
e x p l o r e d by b u i l d i n g R a n k i n g m a t r i c e s f o r p o s s i b l e 
f u t u r e s c e n a r i o s . 
7) The me thods o f Fuzzy Data A n a l y s i s can be used to 
assess the l i k e l y s i g n i f i c a n c e of f a c t o r s d e s c r i b e d i n 
q u a l i t a t i v e t e r m s . Such methods r e q u i r e the data to be 
c o l l e c t e d i n a way t h a t ensures a c o n s i s t e n t p a t t e r n of 
words i s used to d e s c r i b e the l e v e l o f s i g n i f i c a n c e of 
each f a c t o r t h a t has to be c o n s i d e r e d , and the f i n d i n g s 
can be r e f i n e d as b e t t e r data becomes a v a i l a b l e . 
From t h e c r i t i c a l a s s e s s m e n t made o f t he way the l ^ank ing 
T e c h n i q u e s h o u l d assess t e c h n i c a l , economic and s o c i o -
p o l i t i c a l f a c t o r s t h e f o l l o w i n g g e n e r a l c o n c l u s i o n s were 
reached about the assessment o f t h e - - t e c h n i c a l , economic and 
s o c i o - p o l i t i c a l a s p e c t s o f t h e r i s k s i n h e r e n t i n any 
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p r o j e c t . 
1) The t e c h n i c a l a s p e c t s o f r i s k t h a t s h o u l d be i n c l u d e d 
i n any comprehens ive assessment o f the a c c e p t a b i l i t y o f 
r i s k shou ld be based on an assessment o f ; -
i ) The p r o b a b i l i t y o f f a i l u r e t o s a t i s f y 
s p e c i f i c a t i o n f o r a p r o j e c t s o m e t i m e d u r i n g 
s p e c i f i e d l i f e t i m e . 
i i ) The consequences of f a i l u r e . 
i i i ) C a p a b i l i t y o f p r o p o s e r . 
i v ) Re levan t e x p e r i e n c e of p r o p o s e r . 
I n c l u d i n g the c a p a b i l i t y and expe r i ence of the proposer 
i n t h e R a n k i n g o f t h e t e c h n i c a l a s p e c t s o f a p r o p o s a l 
overcomes the c r i t i c i s m of e a r l i e r s i m p l e r v e r s i o n s of 
the Risk Ranking Techn ique. 
2) The a s s e s s m e n t o f t h e econom ic a s p e c t s o f r i s k i s 
somewhat c o m p l i c a t e d by the wide range of parameters 
t h a t c o u l d be used. F i n a n c i a l i n s t i t u t i o n s may c o n s i d e r 
many economic or f i n a n c i a l pe r fo rmance parameters when 
a s s e s s i n g t h e a c c e p t a b i l i t y o f a p r o p o s a l . For m a j o r 
e n g i n e e r i n g p r o j e c t s econom ic a c c e p t a b i l i t y may be 
e v a l u a t e d on t h e b a s i s o f a s i m p l e f i n a n c i a l 
p e r f o r m a n c e p a r a m e t e r . I t was c o n c l u d e d t h a t f o r 
g e n e r a l p u r p o s e s t h e d i f f e r e n c e b e t w e e n t h r o u g h l i f e 
c o s t s and b e n e f i t s w o u l d be an a p p r o p r i a t e c r i t e r i o n 
f o r R a n k i n g e c o n o m i c f a c t o r s o f many m a j o r p r o j e c t s . 
A t t h e same t i m e i t was a p p r e c i a t e d t h a t a t t h e 
assessment s tage of a p r e d o m i n a t e l y f i n a n c i a l p roposa l 
o r a p r o j e c t t h a t i n v o l v e s r i s k s beyond t he f i n a n c i a l 
r e s o u r c e s o f t h e p r o p o s e r , a w i d e r r a n g e o f 
e c o n o m i c / f i n a n c i a l i n d i c a t o r s may have to be assessed 
to Rank the a c c e p t a b i l i t y o f the p r o p o s a l . 
3) The assessment o f the prob lems a s s o c i a t e d w i t h Ranking 
s o c i o - p o l i t i c a l f a c t o r s d r e w a t t e n t i o n t o t h e 
d i f f i c u l t y o f q u a n t i f y i n g the v iews about a p roposa l of 
a l l those who may be a f f e c t e d by i t . Regard less of the 
p r o b l e m s i n v o l v e d i n d e t e r m i n i n g such v i e w s no 
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a s s e s s m e n t can be c o n s i d e r e d c o m p r e h e n s i v e u n l e s s i t 
i n c o r p o r a t e s an assessment o f the v iews of the r e l e v a n t 
p u b l i c . I t i s p r o p o s e d t h a t t h e R a n k i n g o f t h e 
a c c e p t a b i l i t y o f s o c i o - p o l i t i c a l f a c t o r s a s s o c i a t e d 
w i t h a p r o p o s a l s h o u l d be based on an a s s e s s m e n t o f the 
s u p p o r t f o r t h e p r o p o s a l f r o m t h e p o p u l a t i o n t h a t may 
be a f f e c t e d by i t . I t i s r e c o g n i z e d t h a t i n some 
c i r c u m s t a n c e s a r b i t r a t i o n p r o c e d u r e s may be an 
a p p r o p r i a t e way o f a c h i e v i n g a c c e p t a b i l i t y i n s o c i o -
p o l i t i c a l t e r m s . A p r e r e q u i s i t e o f such a procedure i s 
t h a t the a r b i t r a t o r s and the people they r e p r e s e n t have 
an a d e q u a t e u n d e r s t a n d i n g o f t h e s i g n i f i c a n c e o f t he 
p roposa l . 
From the e x a m i n a t i o n of p o s s i b l e a l t e r n a t i v e s to the Risk 
R a n k i n g T e c h n i q u e t h e r e a re a number o f q u i t e i m p o r t a n t 
c o n c l u s i o n s about a l t e r n a t i v e methods. These c o n c l u s i o n s 
i n c l u d e : -
1) The n a t u r a l l a n g u a g e a l t e r n a t i v e s such a s : d i r e c t 
p r e s e n t a t i o n o f e v i d e n c e , d i r e c t recommendat ion , rev iew 
by e x p e r t s and p u b l i c d e b a t e do n o t g i v e r e s u l t s t h a t 
a re i n h e r e n t l y more r e l i a b l e t h a n t he R isk R a n k i n g . 
The p r o b l e m w i t h such methods i s t h e y may be v e r y 
b i ased by the v iews of the people i n v o l v e d . 
2) System A n a l y s i s does not r e a l l y j u s t i f y the t i t l e of a 
c o m p r e h e n s i v e a l t e r n a t i v e . The main m e r i t o f System 
A n a l y s i s i s t h a t i t s t r u c t u r e s t he i d e n t i f i c a t i o n o f 
the f a c t o r s and i n t e r a c t i o n t h a t shou ld be c o n s i d e r e d . 
The me thod may s u g g e s t f a c t o r s , p a r t i c u l a r l y s o c i o -
p o l i t i c a l f a c t o r s , t h a t s h o u l d be i n c l u d e d i n any 
a n a l y s i s o f d e c i s i o n o p t i o n and the w e i g h t i n g t h a t 
shou ld be g i ven to them. 
3) S t a t i s t i c a l and c o m p u t e r t e c h n i q u e s can b o t h h e l p t o 
u n d e r s t a n d t h e s i g n i f i c a n c e o f t h e d a t a a v a i l a b l e and 
a l l o w i n s i g h t s t o be d e v e l o p e d i n t o t he way m a j o r 
p a r a m a t e r s o f t h e d e c i s i o n may v a r y . Some c o m p u t e r 
t e c h n i q u e s can a l l o w t he consequences o f v a r i o u s 
d e c i s i o n s to be e x p l o r e d by s i m u l a t i o n t e c h n i q u e s . The 
va lue o f such e x p l o r a t i o n s i s o f course l i m i t e d by the 
q u a l i t y o f t h e d a t a used and t he adequacy o f t he 
computer model . 
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4) Of t h e s u p p l e m e n t a r y a l t e r n a t i v e s c o n s i d e r e d s o f t 
sys tem methodo logy and c o g n i t i v e mapping ma in l y have a 
r o l e i n i d e n t i f y i n g f a c t o r s and i n t e r a c t i o n s t h a t have 
to be c o n s i d e r e d . 
5) Game T h e o r y , r i s k a n a l y s i s and p r o b a b i l i t y m o d e l l i n g 
are e s s e n t i a l l y concerned w i t h t r y i n g to q u a n t i f y the 
p o s s i b l e o u t c o m e s o f t h e v a r i o u s o p t i o n s c o n s i d e r e d . 
They can a l s o be used t o e x p l o r e t he i m p l i c a t i o n s o f 
v a r i o u s p o s s i b l e f u t u r e s . The e x p l o r a t i o n of p o s s i b l e 
f u t u r e s w i t h t he R i sk R a n k i n g T e c h n i q u e has no t been 
a t t e m p t e d so f a r , but an i n d i c a t i o n has been g iven i n 6 
above how t h e R a n k i n g T e c h n i q u e c o u l d be used t o 
e x p l o r e f u t u r e c o n d i t i o n s . 
6) M u l t i v a r i a t e a n a l y s i s cou ld s i m p l y be cons ide red as a 
s u b - s e t o f s t a t i s t i c a l a n a l y s i s . I n t he t h e o r e t i c a l 
sense i t i s a t t r a c t i v e as i t i n v o l v e s b u i l d i n g up a 
s y s t e m o f e q u a t i o n s t h a t f u l l y d e s c r i b e t he d e c i s i o n 
m a k i n g p r o c e s s . W i t h o u t r e l e v a n t d a t a t o a l l o w the 
c o n s t a n t s and i n t e r a c t i o n s i n the v a r i o u s s i t u a t i o n s to 
be d e t e r m i n e d the method would r e a l l y on ly amount to a 
t h e o r e t i c a l n o v e l t y . However, such a n a l y s i s would be a 
v i t a l component o f any model f o r computer s i m u l a t i o n of 
d e c i s i o n outcomes. 
7) C r e d i t w o r t h i n e s s assessments on ly g i ve an i n d i c a t i o n 
o f a p r o p o s e r s a b i l i t y t o r epay a l o a n , t h e y g i v e no 
i n d i c a t i o n o f t he v a l u e o f t he p r o j e c t f o r w h i c h the 
loan i s r e q u i r e d . 
8) Of the comp lementa ry a l t e r n a t i v e s Robustness A n a l y s i s 
and F o r e c a s t i n g T e c h n i q u e s can be g rouped t o g e t h e r as 
t h e i r s p e c i a l c o n t r i b u t i o n i s r a t i n g the a c c e p t a b i l i t y 
o f o p t i o n s under v a r i o u s p o s s i b l e f u t u r e env i ronmen ts . 
These t e c h n i q u e s have much i n common w i t h Game Theory, 
R i s k A n a l y s i s and P r o b a b i l i t y m o d e l l i n g a l r e a d y 
men t i oned . I n t e r e s t i n the t echn iques i s not t h a t they 
endow the a n a l y s i s o f p o s s i b l e f u t u r e c o n d i t i o n s w i t h 
s p e c i a l a c c u r a c y b u t more t h a t t h e y draw a t t e n t i o n t o 
the need f o r the d e c i s i o n maker t o c o n s i d e r the f u t u r e 
may be d i f f e r e n t f rom e x p e c t a t i o n . 
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9) Regress ion a n a l y s i s l i k e m u l t i v a r i a t e a n a l y s i s , assumes 
f u t u r e e x p e r i e n c e w i l l have a fo rm t h a t can be r e l a t e d 
m a t h e m a t i c a l l y t o p a s t e x p e r i e n c e . To even s t a r t on 
such a n a l y s i s r e l e v a n t d a t a i s r e q u i r e d . Perhaps the 
mos t t h a t can be s a i d f o r R e g r e s s i o n A n a l y s i s i s t h a t 
i f d a t a i s a v a i l a b l e i t may s u g g e s t p o s s i b l e f u t u r e s . 
Bu t t h e method i s n o t r e l e v a n t t o t h e a s s e s s m e n t o f 
novel p r o j e c t s f o r wh ich t h e r e are no da ta . 
10) D e c i s i o n T r e e s h e l p t o b u i l d up a p i c t u r e o f t he 
r e l a t i o n s h i p b e t w e e n s u b s i d i a r y d e c i s i o n s . The 
e f f i c a c y of the method depends on the data a v a i l a b l e . 
11) A r b i t r a t i o n i s a r a t h e r d i f f e r e n t k i n d of t echn ique and 
i s more r e l a t e d t o t he n a t u r a l l a n g u a g e t e c h n i q u e s 
men t ioned as p o s s i b l e comprehens ive a l t e r n a t i v e s . The 
s p e c i a l m e r i t o f the t echn ique i s t h a t w i t h a p p r o p r i a t e 
a r b i t r a t o r s i t c o u l d p r o v i d e a way o f a s s e s s i n g t he 
s i g n i f i c a n c e o f s o c i o - p o l i t i c a l f a c t o r s . 
The p o s t hoc t e s t i n g o f t he a l t e r n a t i v e s t o the R isk 
R a n k i n g T e c h n i q u e on t h r e e m a j o r d e c i s i o n s and the case 
s tudy compar ing the Risk Ranking Technique w i t h the Swiss 
Bank p r o c e d u r e s a p p e a r s t o r e i n f o r c e t he c o n c l u s i o n t h a t 
none o f t h e a l t e r n a t i v e t e c h n i q u e s c o n s i d e r e d i s q u i t e as 
c o m p r e h e n s i v e i n c o n c e p t as t he R isk R a n k i n g T e c h n i q u e . 
A l t h o u g h some of the t e c h n i q u e s may be used as a l t e r n a t i v e s 
t h e y a re n o t so r i g o r o u s and w o u l d n o t g i v e such c o n s i s t e n t 
r e s u l t s as t h e R i sk R a n k i n g T e c h n i q u e . The c o n c l u s i o n s 
about Risk Ranking t h a t appear to be j u s t i f i e d a r e : -
1) A l t h o u g h the Risk Ranking approach and the methods used 
by banks and the i nsu rance i n d u s t r y are d i f f e r e n t they 
a l l s t r i v e t o i d e n t i f y c r i t e r i a f o r j u d g i n g 
a c c e p t a b i l i t y t h a t are e f f i c a c i o u s i n the a p p l i c a t i o n 
o f i n t e r e s t . 
2) The Risk Ranking Technique a t t e m p t s to be comprehensive 
and b r i n g t o g e t h e r t h e a s s e s s m e n t o f t he t e c h n i c a l , 
economic and s o c i o - p o l i t i c a l aspects o f a d e c i s i o n i n t o 
a s i n g l e number r a t i n g of the o v e r a l l a c c e p t a b i l i t y . 
3) The R i sk R a n k i n g T e c h n i q u e i s t r a n s p a r e n t t o a l l 
c o n c e r n e d i n c l u d i n g t he p u b l i c , i t g i v e s e v e r y o n e a 
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c l e a r i n d i c a t i o n o f the c r i t e r i a adopted f o r assess ing 
a c c e p t a b i l i t y and the degree of a c c e p t a b i l i t y j u s t i f i e d 
by p a r t i c u l a r ev i dence . 
4) The t h e o r e t i c a l bas i s f o r the way the Ranking Technique 
b u i l d s up a comprehens ive Ranking of a c c e p t a b i l i t y i s 
d e f e n s i b l e . The way t he banks and t he i n s u r a n c e 
i n d u s t r y b u i l d up t h e i r v iew o f a c c e p t a b i l i t y i s more 
p r a g m a t i c . In a l l cases the q u a l i t y o f any assessment 
depends on the q u a l i t y o f the data t h a t has to be used. 
No a s s e s s m e n t t e c h n i q u e can p r e t e n d t o g i v e a sound 
assessment i f i t has to be based on u n c e r t a i n da ta . In 
such c o n d i t i o n s a l l t h a t can be s a i d f o r t he R isk 
R a n k i n g T e c h n i q u e i s t h a t i t p r o v i d e s a l o g i c a l 
s t r u c t u r e f o r t h e a n a l y s i s and can p r e s e n t t h e 
s i g n i f i c a n c e o f u n c e r t a i n t i e s i n t he f o r m o f a s e r i e s 
o f m a t r i c e s . 
5) I n a l l t h e f o r m s o f a n a l y s i s c o n s i d e r e d the c r i t e r i a 
used f o r j u d g i n g a c c e p t a b i l i t y can be t a i l o r e d to s u i t 
the r e q u i r e m e n t s o f p a r t i c u l a r f a m i l i e s of d e c i s i o n s . 
But t h i s does n o t mean t h e c r i t e r i a a re p e r f e c t and 
i n f a l l i b l e . The d i f f e r e n c e b e t w e e n t he economic 
c r i t e r i a p r o p o s e d f o r t he R a n k i n g T e c h n i q u e and the 
m u l t i p l i c i t y o f e c o n o m i c p a r a m e t e r s banks c o n s i d e r 
i l l u s t r a t e s someth ing of the v a r i a t i o n i n the range of 
pa rame te r s i t may be necessary to take i n t o account in 
some d e c i s i o n making s i t u a t i o n s . 
6) There i s c o n s i d e r a b l e scope f o r deve lopment o f methods 
o f a s s e s s i n g t h e r e l a t i v e m e r i t o f d e c i s i o n o p t i o n s . 
Such deve lopment shou1d , inc 1 ude: d e v e l o p i n g u n i v e r s a l l y 
a p p l i c a b l e c r i t e r i a f o r j u d g i n g a c c e p t a b i l i t y , combined 
t e s t i n g o f t h e v a r i o u s a p p r o a c h e s and b u i l d i n g a 
c o m p u t e r model o f t h e a s s e s s m e n t p r o c e s s t h a t w o u l d 
a l l o w v a r i a t i o n s i n d a t a and p o s s i b l e f u t u r e s t o be 
e x p l o r e d e x p e d i t i o u s l y . 
7) A l t h o u g h t h e s t u d y c o n c e n t r a t e d on t h e way 
o r g a n i s a t i o n s make d e c i s i o n s about the a c c e p t a b i l i t y of 
t h e r i s k s t h a t a re e x t e r n a l t o them and they have an 
o p t i o n as to whether or not they accept them, the Risk 
Ranking methodo logy i s e q u a l l y e f f e c t i v e as a t o o l f o r 
a s s e s s i n g t h e a c c e p t a b i l i t y o f t h e r i s k s t h a t a re 
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i n t e r n a l t o an o r g a n i s a t i o n . These i n t e r n a l r i s k s 
i n c l u d e : c o m m i t m e n t s b e i n g a c c e p t e d t h a t a re g r e a t e r 
t h a n t h e f u n d s a v a i l a b l e t o c o v e r t h e m , t h e f t , f r a u d , 
and a u d i t r i s k s . 
The o v e r a l l c o n c l u s i o n s t h a t t h i s c o m p a r i s o n o f a i d s to 
d e c i s i o n making j u s t i f i e s are t h a t : sound d e c i s i o n making 
r e q u i r e s t h a t the t e c h n i c a l , economic and s o c i o - p o l i t i c a l 
i s s u e s i n v o l v e d a re t h o r o u g h l y i n v e s t i g a t e d , t he R isk 
R a n k i n g T e c h n i q u e i s an e f f e c t i v e t o o l f o r m a k i n g a 
c o m p r e h e n s i v e a s s e s s m e n t o f t h e t e c h n i c a l , economic and 
s o c i o - p o l i t i c a l f a c t o r s t h a t have t o be c o n s i d e r e d i n 
d e t e r m i n i n g the a c c e p t a b i l i t y of ma jo r p r o j e c t s . The o the r 
a i d s to d e c i s i o n making c o n s i d e r e d are e i t h e r des igned f o r 
v e r y s p e c i a l p u r p o s e s s u c h as b a n k i n g o r i n s u r a n c e 
d e c i s i o n s , or are s u b s i d a r y bu t u s e f u l a ids to the o v e r a l l 
d e c i s i o n m a k i n g p r o c e s s . The re i s no r e a s o n why the R isk 
R a n k i n g T e c h n i q u e c a n n o t be a d a p t e d t o a s s e s s i n g a w i d e 
r a n g e o f f a m i l i e s o f s p e c i a l i s t d e c i s i o n s , p r o v i d e d 
a p p r o p r i a t e c r i t e r i a are s p e c i f i e d f o r Ranking each f a c t o r . 
The T e c h n i q u e w o u l d g i v e as c o n s i s t e n t and r e l i a b l e 
assessments as the data t h a t have to be used a l l o w s . 
The f i n a l comment t h a t must be made i s t h a t : no a i d t o 
d e c i s i o n m a k i n g can e n s u r e t h a t t he b e s t d e c i s i o n s are 
e f f e c t i v e l y imp lemen ted . I f the o r g a n i s a t i o n s i n v o l v e d do 
no t m a i n t a i n the necessary c a p a b i l i t y t h r o u g h o u t the l i f e 
o f a p r o j e c t t h e r e a re l i k e l y t o be d o u b t s abou t i t s 
s a t i s f a c t o r y c o m p l e t i o n . P r o j e c t s may f a i l i f economic 
changes p r e v e n t f i n a n c i a l i n s t i t u t i o n s f r o m p r o v i d i n g 
f i n a n c e , o r a c o n t r a c t o r goes b a n k r u p t , or a g o v e r n m e n t 
d e p a r t m e n t i s not o r g a n i s e d i n the way r e q u i r e d to a l l o w i t 
to imp lemen t a d e c i s i o n . 
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N o r m a n P. N a v e e d S . A c o m p a r i s o n o f e x p e r t s y s t e m a n d 
H u m a n O p e r a t o r p e r f o r m a n c e f o r C e m e n t K i l n O p e r a t i o n . 
J o u r n a l o f t h e O p e r a t i o n a l R e s e a r c h S o c i e t y , V o l . 4 1 . N o . 
1 1 , N o v e m b e r 1 9 9 0 . , p u b l i s h e d b y t h e O p e r a t i o n a l R e s e a r c h 
S o c i e t y B i r m i n g h a m , p p l 0 0 7 - 1 0 1 9 . 
P r o j e c t F i n a n c e - R i s k M a n a g e m e n t , The N a t W e s t A p p r o a c h , 
p u b l i s h e d i n T r a d e F i n a n c e a n d C o r p o r a t e F i n a n c e , J u n e 
1 9 8 7 , p u b l i s h e d by E u r o m o n e y P u b l i c a t i o n s PLC L o n d o n . 
R i c h B R T h e S k u n k W o r k s ' M a n a g e m e n t S t y l e - i t ' s no 
s e c r e t , p u b l i s h e d i n A e r o s p a c e V o l 16 No 3 , M a r c h 1 9 8 9 , 
p u b l i s h e d by t h e R o y a l A e r o n a u t i c a l S o c i e t y , L o n d o n . 
R i d l e y i g n o r e s c a l l s f o r C h a n n e l I n q u i r y , N e w C i v i l 
E n g i n e e r , a p u b l i c a t i o n o f t h e I n s t i t u t i o n o f C i v i l 
E n g i n e e r s , 7 t h N o v e m b e r 1 9 8 5 , p . 9 . 
S a u l ! J W O b j e c t i v e s o f M a i n t e n a n c e - A i r w o r t h i n e s s , 
A e r o s p a c e J u l y / A u g u s t , 1 9 8 7 , p u b l i s h e d b y t h e R o y a l 
A e r o n a u t i c a l S o c i e t y , L o n d o n . 
S c h w i e t e r t A C o u n t r y R i s k A s s e s s m e n t : S w i s s B a n k 
C o r p o r a t i o n ' s A p p r o a c h , E c o n o m i c a n d F i n a n c i a l p r o s p e c t s No 
1 1 9 8 8 F e b r u a r y / M a r c h , p u b l i s h e d b y t h e S w i s s B a n k 
C o r p o r a t i o n . 
S e i l e r F A E r r o r P r o p a g a t i o n f o r L a r g e E r r o r s , R i s k 
A n a l y s i s , V o l 7 , No 4 , D e c e m b e r 1 9 8 7 , p u b l i s h e d P l e n u m 
P r e s s , New Y o r k , p p 5 0 9 - 5 1 8 . 
S h e e h a n R L l o y d ' s v e r s u s c o m p u t e r f r a u d L l o y d ' s S p e c i a l 
P u b l i s h e d L l o y d ' s L o n d o n . 
S t a l l e n P J a n d C o p p o c k R A b o u t R i s k C o m m u n i c a t i o n a n d 
R i s k y C o m m u n i c a t i o n , R i s k A n a l y s i s V o l 7 No 4 , 1 9 8 7 
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p u b l i s h e d b y P l e n u m P r e s s , New Y o r k , pp 4 1 3 - 4 1 4 . 
S w i s s Re C o m p u t e r I n s u r a n c e , p u b l i s h e d by S w i s s R e i n s u r a n c e 
C o m p a n y , Z u r i c h , S w i t z e r l a n d . 
T a i t J T h e R o l e o f V a l u e s i n Q u a n t i t a t i v e D e c i s i o n 
M a k i n g , T h e J o u r n a l o f t h e O p e r a t i o n a l R e s e a r c h S o c i e t y 
V o l 3 9 , No 7 , J u l y 1 9 8 8 , pp 6 6 9 - 6 7 4 , p u b l i s h e d b y t h e 
O p e r a t i o n a l R e s e a r c h S o c i e t y , B i r m i n g h a m . 
CONFERENCE PAPERS 
B r o w n J , L e e T a n d F i e l d i n g J . C o n c e r n s W o r r y a n d A n x i e t y 
a b o u t H a z a r d w i t h S p e c i a l R e f e r e n c e t o N u c l e a r P o w e r - a 
S e c o n d a r y A n a l y s i s o f D a t a C o l l e c t e d b y S o c i a l C o m m u n i t y 
P l a n n i n g R e s e a r c h f o r t h e H e a l t h & S a f e t y E x e c u t i v e , a 
r e p o r t i s s u e d b y t h e P s y c h o l o g y D e p a r t m e n t o f t h e 
U n i v e r s i t y o f S u r r e y . 
C a t t a n e o F D e S a n c t i s S G a r r i b b a S F a n d V o l t a G. 
L e a r n i n g f r o m A b n o r m a l O c c u r a n c e s ; R e s u l t s o f a F u z z y 
A n a l y s i s . P a p e r f o r t h e PSA ' 8 7 C o n f e r e n c e , Z u r i c h , A u g . 3 0 
- S e p t . 4 1 9 8 7 . 
C h i c k e n J C C o m p r e h e n s i v e A s s e s s m e n t , a p a p e r p r e s e n t e d 
a t t h e f i r s t I n t e r n a t i o n a l C o n f e r e n c e on R i s k A s s e s s m e n t o f 
C h e m i c a l s a n d N u c l e a r M a t e r i a l s h e l d a t t h e R o b e n s 
I n s t i t u t e , S u r r e y U n i v e r s i t y , S e p t e m b e r 1 9 8 6 . 
C h i c k e n J C A E u r o p e a n V i e w on C o m p u t e r S y s t e m I n s u r a n c e , 
a p a p e r p r e s e n t e d t o t h e NCC I n f o r m a t i o n T e c h n o l o g y 
C o n f e r e n c e , B l a c k p o o l , 1 9 8 9 . 
C h i c k e n J C a n d H a y n s M R A s s e s s i n g S o c i a l A s p e c t s o f 
R i s k A c c e p t a b i l i t y , a p a p e r p r e s e n t e d a t t h e S N S / E N S / A N S 
C o n f e r e n c e o n P r o b a b i l i s t i c S a f e t y A s s e s s m e n t a n d R i s k 
M a n a g e m e n t , Z u r i c h , A u g u s t 1 9 8 7 . 
C h i c k e n J C a n d H a y n s M R C o m p r e h e n s i v e S a f e t y C r i t e r i a , 
p r e s e n t e d a t an I M e c h E m e e t i n g , D e c e m b e r 1 9 8 7 . 
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H a y n s M R a n d U n w i n S D A m e t h o d t o i n c o r p o r a t e 
U n c e r t a i n t y a n d a D e g r e e o f C o m p l i a n c e i n S a f e t y G o a l s , 
p a p e r f o r c o n f e r e n c e , San F r a n c i s c o 1 9 8 4 . 
H i c k s A J T h e R o l e o f I n s u r a n c e S a f e t y , a p a p e r p r e s e n t e d 
t o t h e OYEZ 1 9 8 2 R e v i e w S e m i n a r o n R i s k M a n a g e m e n t a n d 
A c c e p t a b i l i t y , A p r i l 1 9 8 2 , L o n d o n 
J o h n s o n C E x t e r n a l D e b t A s s e s s m e n t a p a p e r p r e s e n t e d t o 
t h e I n t e r n a t i o n a l E c o n o m i c s S t u d y G r o u p C o n f e r e n c e on t h e 
1 9 8 5 W o r l d D e v e l o p m e n t R e p o r t , L o n d o n N o v e m b e r 1 9 8 5 . 
J o n e s - L e e M W T h e P o l i t i c a l E c o n o m y o f P h y s i c a l R i s k a 
p a p e r p r e s e n t e d a t t h e F i r s t I n t e r n a t i o n a l C o n f e r e n c e on 
R i s k A s s e s s m e n t o f C h e m i c a l s a n d N u c l e a r M a t e r i a l s , S u r r e y 
U n i v e r s i t y , S e p t e m b e r 1 9 8 6 . 
M o s l e h A e t a l T h e e l i c i t a t i o n a n d u s e o f e x p e r t o p i n i o n i n 
r i s k a s s e s s m e n t : a c r i t i c a l r e v i e w . A p a p e r p r e s e n t e d a t 
t h e P r o b a b i l i s t i c S a f e t y A s s e s s m e n t a n d R i s k M a n a g e m e n t 
C o n f e r e n c e , PSA 8 7 , h e l d i n Z u r i c h , S e p t e m b e r 1 9 8 7 . 
S o l o m o n K A , W i p p l e C a n d O k r e n t D. M o r e on I n s u r a n c e a n d 
C a t a s t r o p h i c E v e n t s : C a n we e x p e c t de f a c t o L i m i t s on 
L i a b i l i t y R e c o v e r i e s ? A p a p e r p r e s e n t e d a t t h e ANS t o p i c a l 
m e e t i n g P r o b a b i l i s t i c A n a l y s i s o f N u c l e a r R e a c t o r S a f e t y , 
May 1 9 7 8 . 
S t a l l e n P J M a n d T o m a s A - P u b l i c C o n c e r n a b o u t 
I n d u s t r i a l H a z a r d s , a p a p e r p r e s e n t e d a t t h e a n n u a l m e e t i n g 
o f t h e S o c i e t y f o r R i s k A n a l y s i s , W a s h i n g t o n , USA, O c t o b e r 
1 9 8 5 . 
S t e w a r t T J A C r i t i c a l S u r v e y o n t h e S t a t u s o f M u l t i p l e 
C r i t e r i a D e c i s i o n M a k i n g T h e o r y a n d P r a c t i c e i n OMEGA 
I n t e r n a t i o n a l J o u r n a l o f M a n a g e m e n t S c i e n c e V o l . 2 0 , N o . 5 / 6 , 
pp 5 6 9 - 5 8 6 , 1 9 9 2 . P e r g a m o n P r e s s , O x f o r d 
T h o m a s K, M a u r r D, F i s h b e i n M, O t w a y H J , H i n k l e R A , 
S i m p s o n D. C o m p a r a t i v e S t u d y o f P u b l i c B e l i e f s a b o u t F i v e 
E n e r g y S y s t e m s . P a p e r R R - 8 0 - 1 5 , A p r i l 1 9 8 0 p u b l i s h e d b y 
t h e I n t e r n a t i o n a I n s t i t u t e f o r A p p l i e d S y s t e m s A n a l y s i s , 
L a x e n b u r g , A u s t r i a . 
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V o g e l R C a n d W a l l I B S o m e o b s e r v a t i o n s o n NUREG 1 1 5 0 , 
A p a p e r p r e s e n t e d a t t h e P r o b a b i l i s t i c S a f e t y A s s e s s m e n t 
a n d R i s k M a n a g e m e n t C o n f e r e n c e , PSA 8 7 , h e l d i n Z u r i c h , 
S e p t e m b e r 1 9 8 7 . 
NEWSPAPERS 
D e b i t W a r n i n g b y B a n k o v e r p r o p e r t y l o a n s . T h e T i m e s , 14 
O c t o b e r 1 9 8 9 
F e l t h a m C B a n k s u r g e E u r o t u n n e l t o s e e k E x t r a F u n d i n g f r o m 
I n v e s t o r s , T h e T i m e s , 2 O c t o b e r 1 9 8 9 , p 2 5 . 
Re i d T R F u z z L o g i c , b u t J a p a n p u t s i t t o w o r k . 
I n t e r n a t i o n a l H e r a l d T r i b u n e , 5 - 6 J a n u a r y 1 9 9 1 
T h e R a c e t o C r o s s t h e C h a n n e l , The I l l u s t r a t e d L o n d o n N e w s , 
V o l . 2 7 3 N u m b e r 7 0 4 8 , N o v e m b e r 1 9 8 5 
LETTERS 
L e t t e r d a t e d 14 F e b r u a r y 1 9 8 9 f r o m S t e w a r d D G a g e r o f 
M i d l a n d M o n t a g u L t d t o D r J C C h i c k e n o f J C C o n s u l t a n c y 
L t d . 
L e t t e r d a t e d 2 5 S e p t e m b e r 1 9 8 9 f r o m I a n C a l v e r t , ECGD, t o 
D r J C C h i c k e n o f J C C o n s u l t a n c y L t d . 
197 
A P P E N D I X 1 
T h e B a n k o f E n g l a n d ' s R i s k H e i g h t i n g ( R e f . 1 ) 
R i s k W e i g h t C a t e g o r i e s f o r C a p i t a l A d e q u a c y : O n - b a l a n c e 
s h e e t i t e m s 
C a t e g o r y 
i ) 
i i ) 
i i i ) 
i v ) 
V ) 
v i ) 
V i i ) 
V i i i ) 
0% w e i g h t e d 
C a s h a n d c l a i m s c o l l a t e r a l i s e d b y c a s h 
d e p o s i t s p l a c e d w i t h t h e l e n d i n g i n s t i t u t i o n 
( o r CDs a n d s i m i l a r i n s t r u m e n t s i s s u e d by a n d 
l o d g e d w i t h t h e r e p o r t i n g i n s t i t u t i o n ) a n d 
m e e t i n g t h e c o n d i t i o n s s e t o u t i n t h e B a n k ' s 
r e p o r t i n g r e q u i r e m e n t s f o r 0 ^ ; 
G o l d a n d o t h e r b u l l i o n 
on an a l l o c a t e d b a s i s : 
h e l d i n o w n v a u l t s o r 
C l a i m s ( 1 ) o n Z o n e A ( 2 ) c e n t r a l g o v e r n m e n t s 
a n d c e n t r a l b a n k s i n c l u d i n g c l a i m s on t h e 
E u r o p e a n C o m m u n i t i e s ; 
C l a i m s ( 1 ) 
g o v e r n m e n t s 
g u a r a n t e e d b y Z o n e A c e n t r a l 
a n d c e n t r a l b a n k s ; ( 3 ) 
C l a i m s ( 1 ) on Z o n e B c e n t r a l g o v e r n m e n t s a n d 
c e n t r a l b a n k s d e n o m i n a t e d i n l o c a l c u r r e n c y 
a n d f u n d e d i n t h a t c u r r e n c y ; 
C l a i m s ( 1 ) g u a r a n t e e d b y Z o n e B c e n t r a l 
g o v e r n m e n t s o r c e n t r a l b a n k s , w h e r e 
d e n o m i n a t e d i n l o c a l c u r r e n c y a n d f u n d e d i n 
t h a t c u r r e n c y ; ( 3 ) 
C e r t i f i c a t e s o f t a x d e p o s i t ; 
I t e m s i n s u s p e n s e ; ( 4 ) 
B C a t e g o r y 10% w e i g h t e d 
i ) H o l d i n g s o f f i x e d - i n t e r e s t s e c u r i t i e s i s s u e d 
( o r g u a r a n t e e d ) by Z o n e A c e n t r a l g o v e r n m e n t s 
w i t h a r e s i d u a l m a t u r i t y o f 1 y e a r o r l e s s , 
a n d f l o a t i n g - r a t e a n d i n d e x - l i n k e d s e c u r i t i e s 
o f a n y m a t u r i t y i s s u e d o r g u a r a n t e e d by Z o n e 
A c e n t r a l g o v e r n m e n t s ; 
i i ) C l a i m s c o l l a t e r a l i s e d b y Z o n e A c e n t r a l 
g o v e r n m e n t f i x e d - i n t e r e s t s e c u r i t i e s o f a n y 
m a t u r i t y ; 
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i i i ) H o l d i n g s o f s e c u r i t i e s i s s u e d b y Z o n e B 
c e n t r a l g o v e r n m e n t s w i t h a r e s i d u a l m a t u r i t y 
o f 1 y e a r o f l e s s a n d d e n o m i n a t e d i n l o c a l 
c u r r e n c y a n d f u n d e d b y l i a b i l i t i e s i n t h e 
same c u r r e n c y ; 
i v ) L o a n s t o d i s c o u n t h o u s e s , g i l t - e d g e d m a r k e t 
m a k e r s , i n s t i t u t i o n s w i t h a m o n e y - m a r k e t 
d e a l i n g r e l a t i o n s h i p w i t h t h e Bank o f E n g l a n d 
a n d t h o s e S t o c k E x c h a n g e m o n e y b r o k e r s w h i c h 
o p e r a t e i n t h e g i l t - e d g e d m a r k e t , w h e r e t h e 
l o a n s a r e s e c u r e d o n g i l t s , UK T r e a s u r y 
b i l l s , e l i g i b l e l o c a l a u t h o r i t y a n d e l i g i b l e 
b a n k b i l l s , o r L o n d o n C D s . 
C a t e g o r y 20% w e i g h t e d 
i ) H o l d i n g s o f f i x e d - i n t e r e s t s e c u r i t i e s i s s u e d 
( o r g u a r a n t e e d ) by Z o n e A c e n t r a l g o v e r n m e n t s 
w i t h a r e s i d u a l m a t u r i t y o f o v e r 1 y e a r ; 
i i ) C l a i m s c o l l a t e r a l i s e d b y Z o n e A c e n t r a l 
g o v e r n m e n t f i x e d - i n t e r e s t s e c u r i t i e s w i t h a 
r e s i d u a l m a t u r i t y o f o v e r 1 y e a r ; 
i i i ) H o l d i n g s o f Z o n e B c e n t r a l g o v e r n m e n t 
s e c u r i t i e s w i t h a m a t u r i t y o f o v e r 1 y e a r 
d e n o m i n a t e d i n l o c a l c u r r e n c y a n d f u n d e d b y 
l i a b i l i t i e s i n t h e same c u r r e n c y ; 
i v ) C l a i m s on m u l t i l a t e r a l d e v e l o p m e n t b a n k s a n d 
c l a i m s g u a r a n t e e d by o r c o l 1 a t e r a l i s e d by t h e 
s e c u r i t i e s i s s u e d by t h e s e i n s t i t u t i o n s ; 
v ) C l a i m s on c r e d i t i n s t i t u t i o n s i n c o r p o r a t e d i n 
t h e Z o n e A a n d c l a i m s g u a r a n t e e d ( o r a c c e p t e d 
o r e n d o r s e d ) b y Z o n e A - i n c o r p o r a t e d c r e d i t 
i n s t i t u t i o n s ; 
v i ) O n - b a l a n c e - s h e e t c l a i m s i n g o l d a n d o t h e r 
b u l l i o n on t h e n o n - b a n k m a r k e t m a k i n g m e m b e r s 
o f t h e L o n d o n B u l l i o n M a r k e t A s s o c i a t i o n ; 
( 5 ) . 
v i i ) C l a i m s on c r e d i t i n s t i t u t i o n s i n c o r p o r a t e d i n 
Z o n e B w i t h a r e s i d u a l m a t u r i t y o f 1 y e a r o r 
l e s s a n d c l a i m s o f t h e s a m e m a t u r i t y 
g u a r a n t e e d by Z o n e B c r e d i t i n s t i t u t i o n s ; 
v i i i ) C l a i m s s e c u r e d b y c a s h d e p o s i t e d w i t h a n d 
h e l d b y a n a g e n t b a n k a c t i n g f o r a s y n d i c a t e 
o f w h i c h t h e r e p o r t i n g i n s t i t u t i o n i s a 
m e m b e r ; 
i x ) C l a i m s on Z o n e A p u b l i c s e c t o r e n t i t i e s a n d 
1 9 9 
c l a i m s g u a r a n t e e d b y s u c h e n t i t i e s . I n t h e 
U n i t e d K i n g d o m , t h e s e c o m p r i s e l o c a l 
a u t h o r i t i e s a n d c e r t a i n n o n - c o m m e r c i a l p u b l i c 
b o d i e s ; 
x ) C l a i m s o n d i s c o u n t h o u s e s a n d c l a i m s w h i c h 
a r e g u a r a n t e e d ( o r a c c e p t e d ) b y d i s c o u n t 
h o u s e s w h i c h a r e u n s e c u r e d , o r s e c u r e d on 
a s s e t s o t h e r t h a n s p e c i f i e d i n B i v ) a b o v e ; 
x i ) C a s h i t e m s i n t h e p r o c e s s o f c o l l e c t i o n . 
C a t e g o r y 50% W e i g h t e d 
i ) L o a n s t o i n d i v i d u a l s f u l l y s e c u r e d by a f i r s t 
p r i o r i t y c h a r g e o n r e s i d e n t i a l p r o p e r t y t h a t 
i s ( o r i s t o b e ) o c c u p i e d b y t h e b o r r o w e r o r 
i s r e n t e d ; 
i i ) L o a n s t o h o u s i n g a s s o c i a t i o n s r e g i s t e r e d w i t h 
t h e H o u s i n g C o r p o r a t i o n , S c o t t i s h H o m e s a n d 
T a i C y m r u t h a t a r e f u l l y s e c u r e d b y a ' f i r s t 
p r i o r i t y ' c h a r g e on t h e r e s i d e n t i a l p r o p e r t y 
w h i c h i s u n d e r d e v e l o p m e n t a n d f u l l y s e c u r e d 
b y a c h a r g e o n t h e h o u s i n g a s s o c i a t i o n ' s 
r e s i d e n t i a l p r o p e r t y t h a t i s b e i n g l e t , a n d 
w h e r e t h e p r o j e c t a t t r a c t s HAG. I f HAG i s 
n o t a v a i l a b l e , s u c h l o a n s m u s t b e f u l l y 
s e c u r e d b y a ' f i r s t p r i o r i t y ' c h a r g e o n 
r e s i d e n t i a l p r o p e r t y t h a t i s b e i n g l e t ; 
i i i ) M o r t g a g e s u b - p a r t i c i p a t i o n s , w h e r e t h e r i s k 
t o t h e s u b - p a r t i c i p a t i n g b a n k i s f u l l y a n d 
s p e c i f i c a l l y s e c u r e d a g a i n s t r e s i d e n t i a l 
m o r t g a g e l o a n s w h i c h w o u l d t h e m s e l v e s q u a l i f y 
f o r t h e 50% w e i g h t ; 
i v ) H o l d i n g s o f s e c u r i t i e s i s s u e d b y s p e c i a l 
p u r p o s e m o r t g a g e f i n a n c e v e h i c l e s w h e r e t h e 
r i s k t o t h e s e c u r i t y h o l d e r s i s f u l l y a n d 
s p e c i f i c a l l y s e c u r e d a g a i n s t r e s i d e n t i a l 
m o r t g a g e l o a n s w h i c h w o u l d t h e m s e l v e s q u a l i f y 
f o r t h e 5 0% w e i g h t o r b y a s s e t s w h i c h q u a l i f y 
f o r a w e i g h t o f l e s s t h a n 50% ( 5 ) , as l o n g as 
t h e m o r t g a g e l o a n s a r e f u l l y p e r f o r m i n g o r 
o r i g i n a t i o n o f t h e v e h i c l e . 
C a t e g o r y 100% W e i g h t e d 
i ) C l a i m s on t h e n o n - b a n k p r i v a t e s e c t o r ; 
i i ) C l a i m s on c r e d i t i n s t i t u t i o n s i n c o r p o r a t e d i n 
2 0 0 
Z o n e B w i t h a r e s i d u a l m a t u r i t y o f o v e r 1 
y e a r ; 
i i i ) C l a i m s o n Z o n e B c e n t r a l g o v e r n m e n t s a n d 
c e n t r a l b a n k s ( u n l e s s d e n o m i n a t e d i n t h e 
n a t i o n a l c u r r e n c y a n d f u n d e d i n t h a t 
c u r r e n c y ) ; 
i v ) C l a i m s g u a r a n t e e d b y Z o n e B c e n t r a l 
g o v e r n m e n t s o r c e n t r a l b a n k s , w h i c h a r e n o t 
d e n o m i n a t e d a n d f u n d e d i n t h e n a t i o n l 
c u r r e n c y c o m m o n t o t h e g u a r a n t o r a n d 
b o r r o w e r ; 
v ) C l a i m s on c o m m e r c i a l c o m p a n i e s o w n e d by t h e 
p u b l i c s e c t o r ; 
v i ) C l a i m s on Z o n e B p u b l i c s e c t o r e n t i t i e s ; 
v i i ) P r e m i s e s , p l a n t , e q u i p m e n t a n d o t h e r f i x e d 
a s s e t s ; 
v i i i ) R e a l e s t a t e , t r a d e i n v e s t m e n t s ( 6 ) a n d o t h e r 
a s s e t s n o t o t h e r w i s e s p e c i f i e d ; 
i x ) A g g r e g a t e n e t s h o r t o p e n f o r e i g n e x c h a n g e 
p o s i t i o n ; ( 7 ) 
x ) G r o s s d e f e r r e d t a x a s s e t s . 
C r e d i t c o n v e r s i o n f a c t o r s f o r o f f - b a l a n c e - s h e e t r i s k 
C r e d i t c o n v e r s i o n f a c t o r s s h o u l d b e m u l t i p l i e d b y 
w e i g h t s a p p l i c a b l e t o t h e c a t e g o r y o f t h e c o u n t e r p a r t y 
an o n - b a l a n c e - s h e e t t r a n s a c t i o n . 
t h e 
f o r 
I n s t r u m e n t s 
D i r e c t c r e d i t s u b s t i t u t e s , i n c l u d i n g 
g e n e r a l g u a r a n t e e s o f i n d e b t e d n e s s , 
s t a n d b y l e t t e r s o f c r e d i t s e r v i n g a s 
f i n a n c i a l g u a r a n t e e s , a c c e p t a n c e s a n d 
e n d o r s e m e n t s ( i n c l u d i n g ' p e r a v a l ' 
e n d o r s e m e n t s ) ; 
S a l e a n d r e p u r c h a s e a g r e e m e n t s a n d a s s e t 
s a l e s w i t h r e c o u r s e w h e r e t h e c r e d i t 
r i s k r e m a i n s w i t h t h e b a n k ; ( 8 ) 
F o r w a r d a s s e t p u r c h a s e s , f o r w a r d f o r w a r d 
d e p o s i t s p l a c e d a n d t h e u n p a i d p a r t o f 
p a r t l y - p a i d s h a r e s a n d s e c u r i t i e s , ( 8 ) 
a n d a n y o t h e r c o m m i t m e n t s w i t h a c e r t a i n 
C r e d i t 
c o n v e r s i o n 
F a c t o r 
1 0 0 % 
100% 
1 0 0 % 
2 0 1 
d r a w d o w n ; 
D T r a n s a c t i o n - r e l a t e d c o n t i n g e n t i t e m s n o t 50% 
h a v i n g t h e c h a r a c t e r o f d i r e c t c r e d i t 
s u b s t i t u t e s ( e g p e r f o r m a n c e b o n d s , b i d 
b o n d s , w a r r a n t i e s a n d s t a n d b y l e t t e r s o f 
c r e d i t r e l a t e d t o p a r t i c u l a r 
t r a n s a c t i o n s ) ; 
E S h o r t - t e r m s e 1 f - 1 i q u i d a t i n g t r a d e - 20% 
r e l a t e d c o n t i n g e n t i t e m s ( s u c h a s 
d o c u m e n t a r y c r e d i t s c o l l a t e r a l i s e d b y 
t h e u n d e r l y i n g s h i p m e n t s ) ; 
F N o t e i s s u a n c e f a c i l i t i e s a n d r e v o l v i n g 50% 
u n d e r w r i t i n g f a c i l i t i e s ; ( 9 ) 
G O t h e r c o m m i t m e n t s ( e g f o r m a l s t a n d b y 50% 
f a c i l i t i e s a n d c r e d i t l i n e s ) w i t h an 
o r i g i n a l ( 1 0 ) m a t u r i t y o f o v e r 1 y e a r ; 
H S i m i l a r c o m m i t m e n t s w i t h a n o r i g i n a l 0% 
( 1 0 ) m a t u r i t y o f u p t o 1 y e a r , o r w h i c h 
c a n b e u n c o n d i t i o n a l l y c a n c e l l e d a t a n y 
t i m e ; 
I E n d o r s e m e n t s o f b i l l s ( i n c l u d i n g ' p e r 0% 
a v a l ' e n d o r s e m e n t s ) w h i c h h a v e 
p r e v i o u s l y b e e n a c c e p t e d by a b a n k . 
M u l t i - o p t i o n s f a c i l i t i e s a n d o t h e r c o m p o s i t e p r o d u c t s 
s h o u l d be d i s a g g r e g a t e d i n t o t h e i r c o m p o n e n t p a r t s , eg i n t o 
a c r e d i t c o m m i t m e n t , N I F , e t c . , a n d e a c h c o m p o n e n t p a r t 
c o n v e r t e d a c c o r d i n g t o t h e a b o v e c l a s s i f i c a t i o n . H o w e v e r , 
c o m p o n e n t s c a r r y i n g t h e l o w e s t c r e d i t c o n v e r s i o n f a c t o r s 
s h o u l d b e d i s r e g a r d e d t o t h e e x t e n t n e c e s s a r y t o e n s u r e 
t h a t t h e t o t a l v a l u e o f a l l t h e c o m p o n e n t s d o e s n o t e x c e e d 
t h e v a l u e o f t h e f a c i l i t y . 
N o t e s on T e x t 
1 . O t h e r t h a n s e c u r i t i e s i s s u e d by t h e s e b o d i e s . 
2 . Z o n e A a r e OECD c o u n t r i e s p l u s t h o s e w i t h s p e c i a l 
l e n d i n g a g r e e m e n t s w i t h I M F , Z o n e B c o u n t r i e s a r e a l l 
o t h e r c o u n t r i e s . 
3 . I n c l u d i n g l e n d i n g u n d e r ECGD b a n k g u a r a n t e e a n d 
e q u i v a l e n t s c h e m e s i n o t h e r Z o n e A c o u n t r i e s , b u t 
e x c l u d i n g l e n d i n g a g a i n s t t h e s e c u r i t y o f ECGD 
i n s u r a n c e c o v e r . 
4 . W h e r e s u c h i t e m s d o n o t r e p r e s e n t a c r e d i t r i s k b u t 
r a t h e r a p o s i t i o n r i s k a s d e t a i l e d i n t h e g u i d a n c e 
n o t e s t o t h e f o r m B S D l . 
5 . U n t i l 1 J a n u a r y 1 9 9 3 , f r o m w h i c h t i m e s u c h c l a i m s w i l l 
2 0 2 
be w e i g h t e d t o 1 0 0 % . 
6 . E x c 1 u d i n g : ( i ) h o l d i n g s o f c a p i t a l i n s t r u m e n t s i s s u e d by 
c r e d i t i n s t i t u t i o n s w h i c h w i l l be d e d u c t e d f r o m t o t a l 
c a p i t a l ; a n d ( i i ) h o l d i n g s o f c a p i t a l i n s t r u m e n t s o f 
o t h e r f i n a n c i a l i n s t i t u t i o n s w h i c h m u s t be d e d u c t e d 
a c c o r d i n g t o A r t i c l e 2 ( 1 2 ) a n d ( 1 3 ) o f t h e Own F u n d s 
D i r e c t i v e . 
7 . T h i s i s a p r o x y w e i g h t f o r a b a n k ' s f o r e i g n e x c h a n g e 
r i s k , a n d w i l l r e m a i n i n e f f e c t u n t i l an i n t e r n a t i o n a l 
f r a m e w o r k f o r c a p t u r i n g f o r e i g n e x c h a n g e r i s k i s 
a g r e e d . I n c l u d e t h e n e t s h o r t o p e n p o s i t i o n i n g o l d , 
s i l v e r , p l a t i n u m a n d p a l l a d i u m . 
8 . T h e s e i t e m s a r e t o be w e i g h t e d a c c o r d i n g t o c a t e g o r y o f 
t h e i s s u e r o f t h e s e c u r i t y ( o r t h e b o r r o w e r i n t h e 
u n d e r l y i n g l o a n a g r e e m e n t ) a n d n o t a c c o r d i n g t o t h e 
c o u n t e r p a r t y w i t h whom t h e t r a n s a c t i o n h a s b e e n e n t e r e d 
i n t o . R e v e r s e r e p o s ( i . e . p u r c h a s e a n d r e s a l e 
a g r e e m e n t s w h e r e t h e b a n k i s t h e r e c e i v e r o f t h e a s s e t ) 
a r e t r e a t e d a s c o l l a t e r a l i s e d l o a n s , w i t h t h e r i s k 
b e i n g m e a s u r e d a s a n e x p o s u r e t o t h e c o u n t e r p a r t y . 
W h e r e t h e s e c u r i t y t e m p o r a r i l y a c q u i r e d a t t r a c t s a 
p e r f e r e n t i a l r i s k w e i g h t i n g , t h i s i s r e c o g n i s e d a s 
c o l l a t e r a l a n d t h e r i s k w e i g h t i n g o f t h e l o a n 
a c c o r d i n g l y r e d u c e d ( e . g . a Z o n e A g o v e r n m e n t 
s e c u r i t y ) . 
9 . To be a p p l i e d t o t h e t o t a l a m o u n t o f t h e i n s t i t u t i o n ' s 
u n d e r w r i t i n g o b l i g a t i o n s o f a n y m a t u r i t y . W h e r e t h e 
f a c i l i t y h a s b e e n d r a w n d o w n b y t h e b o r r o w e r a n d t h e 
n o t e s a r e h e l d b y a n y o n e o t h e r t h a n t h e r e p o r t i n g 
i n s t i t u t i o n , i t s u n d e r w r i t i n g o b l i g a t i o n s m u s t c o n t i n u e 
t o b e r e p o r t e d a s t h e f u l l n o m i n a l a m o u n t . ( O w n 
h o l d i n g s o f n o t e s u n d e r w r i t t e n a r e , h o w e v e r , d e d u c t e d 
f r o m t h e o v e r a l l v a l u e o f t h e c o m m i t m e n t , b e c a u s e t h e y 
a r e w e i g h t e d as an o n - b a l a n c e - s h e e t i t e m . ) 
1 0 . B a n k s m a y r e p o r t o n t h e b a s i s o f r e s i d u a l m a t u r i t y 
u n t i l t h e e n d o f 1 9 9 2 t o a s s i s t d a t a c o l l e c t i o n 
R e f e r e n c e 
B S D / 1 9 9 0 / 3 B a n k o f E n g l a n d ' s N o t i c e t o 
I n s t i t u t i o n s a u t h o r i s e d u n d e r t h e B a n k i n g A c t 
1 9 8 7 . I m p l e m e n t a t i o n i n t h e U n i t e d K i n g d o m o f t h e 
S o l v e n c y R a t i o , D e c e m b e r 1 9 9 0 . 
2 0 3 
APPENDIX 2 
Swiss Bank C o r p o r a t i o n ' s R i sk Assessment and C r e d i t Assessment 
P rocedu res a p p l i e d t o F i c t i t i o u s C o u n t r i e s 
Summary 
I l l u s t r a t i o n s o f t h e Swiss B a n k ' s Coun t r y R isk Assessment Methodology 
w i t h d e f i n i t i o n o f t h e t e rms u s e d . 





1. REAL GDP GROWTH 
Investment 
International average: - 25% 24.1 18.5 14.7 
3. INVESTMENT EFFICIENCY (1;2) critical level < 0.2 0.13 >C-0.02 r O . l l 
4. INFLATION (Period average) 18.5 
5. MONEY SUPPLY GROWTH (End of period) % 18.5 
6. REAL DOMESTIC CREDIT CREATION 16.8 27.9 37.2 15.0 
Fiscal Balance -1.8 
8. COMPETITIVENESS (Real Exchange Rate) INDEX 1980 = 100 109.5 105.4 85.6 84.0 80.0 
9. TRADE BALANCE (Goods) USSbn -1.84 -2.40 -0.80 
10. EXPORTS (Gooc)s+Services) USSbn 8.60 8.10 8.15 8.30 9.10 
11. IMPORTS (Goods* Services) USSbn 10.81 11.95 12.54 11.40 10.30 up 
12. CURRENT ACCOUNT BALANCE US$bn -1.95 ^^ 3 5 5 ^ -2.60 -0.90 
Exports 
GDP % 23.0 20.7 23.5 21.5 23.0 
14. EXPORT CONCENTRATION (high - critical) 2) % 33.4 35.2 36.7 35.6 35.0 — • 
15. IMPORTS FROM SWITZERLAND SFr.m 104.2 110.3 117.9 106.2 105.0 
16. TOTAL EXTERNAL DEBT (Put)lic+Private) USSbn 
17. INTERNA! RESERVES (Exd. Gold) USSbn 
18. EXTERNAL DEBT SERVICE USSbn 
19. 
External Debt 
Exports critical levels 150% 
20. 
External Debt Service 
Exports critical levels 25% 
21 
Interest-Adjusted Current Account 
Interest Payments % 
22. 
International Reserves 





23. POLITICAL RISK 
points 
1 10 7 6 6 
24. Recorded Unemployment Rate % 11.2 10.5 11.0 13.4 13.5 
25. Per capita GDP Growth % 2.8 0.7 ^ 1 . 1 ^ ^ 6 . 8 ^ -5.5 -0.8 
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D e f i n i t i o n o f Terms used i n C o u n t r y R i sk Assessment 
ise three symbols as visual aids to monitoring risks: 
C2 
•Mo has gone beyond an empirically 
itermlned critical level (applies to 
dicators3,19,20 and 22) 
Value or ratio has deteriorated very sharply 
within a 12-month period (critical chanfle) 
Ratio both exceeds critical level and has 
undergone critical change within a 
12-month period 
looic —• - unchanged / " - improving \ - deteriorating Asterisk * - Estimate NA - Not available 
i: The suggested critical values apply to developing countries only and do not necessarily reflect similar risks in the case of induatriallzed countries. 
1. Real GDP growth: Change in Gross Domestic Product over a 12-
month period in %, adjusted for inflation (i.e. in volume terms); 
grovtlh measure. 
13. 
2. Investment ratio: Gross fixed capital formation (fixed investment) 
as % of GDP or GNP. The higher the ratio, the higher the potential 
economic growth. International average: 25%. 
3. Investment efficiency: 3-year moving average of real GOP 
growth (no. 1) divided by the average investment ratio (no. 2) for 
same period. The higher the value, the more efficient the economy; 
critical level < 0.2 on average. (Note: values will tend to be lower 
for more developed countries.) 
4. Inflation: Change In consumer prices as an annual average in %. 
One measure of the quality of economic policy. 
5. Money supply (Ml or other monetary control variable): Annual 
% change in money supply. Measure of monetary policy and eariy 
indicator for future inflation. 
6. Real domestic credit: Annual % change of the domestic compo-
nent of money supply (= M2 minus Net Foreign Assets), deflated 
by consumer price inflation. Measure of domestic monetary dise-
quilibrium (in comparison to real GDP growth) and eariy indicator 
for balance-of-payments developments and exchange-rate 
changes. 
7. F isca l balance as H of QOP: General or (if unavailable) central 
government surplus or deficit as % of GDP. Fiscal policy measure. 
Since structural (permanent) deficits are more important than 
cyclical peaks and cross-country comparability is lacking, critical 
values are not determined. 
8. international competitiveness index (Index of rsat effective 
exchange rate): Compares domestic with foreign inflation, ad-
justed for exchange-rate changes. Domestic inflation: GDP de-
flator. Foreign inflation: Trade-weighted changes of GDP deflators 
of major trading partners, adjusted for exchange-rate changes. A 
decline in the index ( - a real devaluation) indicates an increase in 
competitiveness. 
9. Trade balance: Exports minus imports of goods, in bn US$. Goods 
are valued at their prices as they leave the exporting country, i.e. 
f.o.b., without costs of insurance and freight. Chief determinant of 
the current-account balance (see no. 12). 
11. Exports and imports: Exports and imports of both goods and 
services (e.g. tourism, transportation, interest), in bn US$. 
12. Current account balance: Trade balance + balance of 
services + balance of unrequited transfers, in bn US$; a deficit 
shows the extent of a country's dependence on foreign resources 
to satisfy domestic demand, to be financed (a) by drawing down 
international reserves (see no. 17) and/or (b) by additional borrow-
iog abroad (no. 16). 
Share of exports In GDP: Exports of goods and services (see 
no. 10) as % of GDP. Index of the openness of the economy, in-
dicating (a) the allocation of domestic resources to the tradable 
sector and the country's ability to service its external debt and (b) 
the country's vulnerability to foreign demand shocks. 
14. Export concentration 
Either: Share of main commodity exports In total exports. Main 
commodity exports (food and other agricultural products, raw ma-
terials and metals) as % of total exports. High value indicates high 
vulnerability to fluctuations in international commodity market 
conditions. 
Or Merchandise exports to main customers (countries) as % of 
total merchandise exports. High value indicates dependen-
cy on a few major customer markets. 
15. Imports from Switzerland: Goods Imports from Switzeriand in 
mSfr. 
16. External deirt: Total external debt (gross) of the reporting country 
in bn US$ at end of year. Includes short- and long-term debt, IMF 
lending and interest arrears. 
17. International reserves: Total official international reserves at end 
of year, excluding gold. Foreign exchange, Spedal Drav^ng 
Rights, IMF reserves. Liquidity measure. 
18. External debt service: Interest payments due on total debt -t-
amortization payments due on medium- and long-term debt. 
19. External debt/Exports: Total external debt as % of export receipts 
(goods & services). An important debt capacity indicator, since ex-
terna) debt ultimately has to be repaid out of export revenues. 
Critical level: > 150; critical chsnge: approx. 25% inaease within 
a year. 
20. Debt-service rstio: Annual interest and amortization payments on 
total external debt as % of export receipts (goods & services). Short-
term liquidity measure. Critical level: ^ 25%; critical change: 
approx. 50% increase within a year. 
21. Interest coverage: Current account balance net of interest pay-
ments to foreign creditors, as % of interest payments. Indicator of 
debt-servicing capacity. 100% or more indicates net current ac-
count revenues technically sufficient to cover all interest obligations. 
0 or less indicates net current account revenues technically too 
small to pay any interest. 
22. Import cover: Official reserves at year-end (no. 17) divided by aver-
age monthly imports (see no. 11). Measure of how long imports 
could be financed from international reserves. Critical level: $ 3 
months; critical change: approx. 50% decrease within a year. 
23. Political risk: Social and political situation rated onascaleof1-10 
with regard to creditworthiness. Scores 1 to 3: no foreseeable/low 
risks; 4 to 6: acceptable/moderate risks; 7 to 9: high/higher risks; 
10: unacceptable/extremely high risks. 
24./25. Optional indicators: Any readily available risk-related indicator or 
any country-specific indicator. 
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1. REAL GDP G R O V ^ H % 2.1 0.7 -2.5 -0.8 0.7 1.4 
2. GROSS INVESTMENT/GDP Int. avg.= 25% 23.4 22.1 19.2 19.2 19.1 
3. INFLATION % 7.8 9.5 5.9 3.7 2.1 3.8 
4. MONEY SUPPLY GROV\n"H % 15.9 7.9 4.5 3.9 up 
5. UNEMPLOYMENT RATE % 6.2 5.9 8.3 9.9 10.8 11.4 
6. GENERAL GOVT. BALANCE/GDP critical deficit > 3% 0.9 -1.3 < ^ 1 1 < J 2 ^ 0 > 
7. SHORT-TERM INTEREST RATE % 13.8 14.6 11.1 9.0 5.0 
8. LONG-TERM YIELD OF GOVT. BONDS % 9.6 11.1 9 9 9 ' 7.8 
9. COMPETITIVENESS INDEX 1990=100 98.7 100.7 107 -
10. DEVIATION FROM PPP (DNyrwb cor^e^r^cy) % 14.4 12.3 18.8 IS.f; 4.4 
11. INDUSTRIAL PRODUCTION % 0.5 -0.6 -C.c 1 6 
12. REAL AVERAGE EARNINGS INCREASE 1.7 0.6 1.9 0.8 1 .5 
13. EXPORTS (GOODS AND SERVICES) US$ bn 320.6 380.4 375.6 39 7.G 414 .2 up 
14. IMPORTS (GOODS AND SERVICES) U S S b n -348.7 -401.0 -384.6 -424 .2 -448.4 up 
15. CURRENT ACCOUNT BALANCE US$ bn -35 59 . , -29.39 -11.44 -20.B-'. •18.72 -> 
16. NET DIRECT INVESTMENTS US$ bn -4 .95 14.90 3.51 4.0 6.0 
17. NET EXTERNAL FINANCIAL ASSETS/GDP % 13.2 0.7 3.6 4.0 0.5 down 
18. NET INTEREST INCOME/EXPORTS % -2.0 •3.2 •3.5 •2.0 •2.5 down 
19. INVISIBLE BALANCE USS bn 4.8 3.2 7.0 9.0 8.0 -> 
20. PRIMARY BUDGET/GDP % 3.3 1.0 -0.9 -4.5 -5.8 down 
2 1 . NET INTEREST PAYMENTS/TOT. EXPEND. Int. avg.= 6.5% 6.3 5.7 4.7 4.7 5.3 up 
22. GROSS TOTAL PUBUC DEBT/GDP critical levsl > 6 0 % 37.0 34.9 36 .5 47.4 up 
23. GROSS FOREIGN PUBLIC DEBT/GDP % 6.1 5.4 5.4 5.0 5.0 
24. FOREIGN CURRENCY DEBT/TOTAL PUBLIC DEBT 4.1 4.5 5.0 c c 5.8 
25. CORPORATE PROFIT GROWTH % 5.9 4.3 1.1 0.2 2.0 7J 
25. INTTEREST PAYMENTS/CORPORATE INCOME % 24.0 26 7 27.0 24.5 19.0 down 
27. DEBT/EQUrTY (140 largest corporations) % 36 43 44 44 44 down 
28. BUSINESS FAILURES 1989 = 100 100 149 274 387 d o w n down 
29. HOUSEHOLD FINANCIAL LIABILITIES/INCOME 88.5 90.3 90 .9 85.2 80.0 down 
30 POLFTICALRISK points • . - " - " " ^ ^ 
1 10 
2 2 2 2 2 2 
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D e f i n i t i o n o f t e rms used i n I n d u s t r i a l Coun t r y C r e d i t R isk Assessment 
three symtDOls as visual aids to monitonng risks; 
3 
lias gone bcyui id a 
tl level 
= Value or ratio has deteriorated 
very stiarply within a 12-rnonth 
period (critical change) 
= Ratio both exceeds critical level 
and has undergone critical 
change within a 12-month period 
ok; = unchanged ^ = improving ^ = deteriorating * = Estimate NA = Not available 
3i GDP growrth: Cliany.v in Gross Domeslic Product over a 15. 
nnonthpt ; i iod in%, aqub ied foi inflation (i.e. in volume terms); 
wt i i inuasure. 
)ss inves tment /GDP: Giosb tixt-d capilal lonnation as % ol 
P (or GNP). Tho iiigher the rauo, thfi higher the potential 
inomic growth. Inlernational average: 25%. 
ation: Chang,; in consumer prices as an annual average in 
One measuie of quality of ocononiic policy 
mey supply (M1 or oi l ler monciaiy control variable): Annual 
;hange in money si ,pply f^easuie of monetary policy and early 
cater tor future inilation. 
employment rate: f l i i i o ol the iijtally unomployed in labour 
;e in %. 
neral Gov't. ba lance/GDP: ( i o n e r a l ( i f unavailable) central 
/ernir.ent suipins '.i ui'l.cit as % o l GDt' hiscal policy meas-
ort-term interest rate: .3 month Furo-curroncy interest rate 
any otiier key money market interest rate, fvlonetaty policy 
icator. 
ng-term yield of Gov't, bonds: Loriy tw in treasury bond, if 
ssible 10-year mal,jrity Indicator ot Ccipital market conditions. 
ernational competit iveness index (index of real effective 
;hange rate): womparos domestic with foreign inllation, ad-
ted tor exchange-rate changes, [domestic inflation: GDP de-
or. Foreign milation: Trade-weighted changes of GDP 
ilators of mai^.t l iouiiuj parineib, adjusted for exchange-rate 
ariges. A dc<;rinG in the index (- a real devaluation) indicates 
increase in compcaitivoness. 
iviation from PPP: % deviation of tic- exchange rate from its 
rchasing power parity value. A negative sign indicates a 
teniial overvaluation ot the currency (devaluation risk). Apos i -
3 Sign stands for an unden/aluation. Indicator of currency risk 
d international competitiveness. 
/19. /24. /29, Optional indicators: Any reaoily available risk-




Current account balance: Trade balance + balance ot services 
+ balance of unrequited transfers, in bn US$; a deficit shows 
extent ol a country's dependence on foreign resources to satisfy 
domestic demand, to be financed (a) by drawing down interna-
Uoi lal reserves (see no. 17) a i d / o r (b) by additional borrowing 
abroad (no. 16). 
Net direct investments: Covers all net inflows of equity invest-
ment on a tDalance-of-payments basis. Portfolio investment 
inflows are not part of direct investment. 
Net external financial asse ts /GDP: Indicates country's exter-
nal asset position as % of GDP A negative sign stands for net 
indebtedness. 
Net Interest payments/Exports: Annual net interest payments 
on net external debt as % of export receipts (goods & services). 
20. Primary budget/GDP: CVerall general government balance less 
interest payments on public debt, as % of GDR fvleasures 




Net Interest payments/Total expenditures: General gov't net 
debt interest payments as % of total gov't expenditures. Total 
expenditures are defined as current receipts minus net lending. 
Gross total public debt/GDP: Domestic and external debt 
owed by or guaranteed by general government as % ot GDR 
23. Gross foreign public debt/GDP: External debt owed by or 
guaranteed by general government as % of GDR 
25. Corporate profit grovrth: Annual % change in corporate profits. 
If not available, cash flow. 
26. Net debt interest payments/Cash flow: fvleasure of corporate 
sector income gearing. 
27. Debt/Equity: Corporate sector's borrowed capital as % of its 
own capital. 
28. Business failures: Bankruptcies in corporate sector, specified 
in terms of percentage change or in relation to new business 
creation or outstanding bank loans. 
, Exports and Imports: Exports and imports of both goods 30. 
d services (e.g. loui ism, transportation, interest), in bn USS. 
Political risk: Social and political situation rated on a scale of 
1-10 with regard to creditwort hiness. Scores 1 to 3: no foresee-
able/low risks; 4 to 6: acceptable/moderate risks; 7 to 9: 
higlvliigtiei risks; 10: unacceptable/extremely high risks. 
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S t r u c t u r e o f t h e S w i s s B a n k C o r p o r a t i o n ' s E x e c u t i v e 
M a n a g e m e n t B r i e f on t h e C r e d i t W o r t h i n e s s o f a C o u n t r y . 
T y p i c a l l y a C r e d i t W o r t h i n e s s b r i e f d i s c u s s e s o u t l o o k a n d 
R i s k A n a l y s i s , p o l i t i c s , d o m e s t i c e c o n o m y , t r a d e a c c o u n t 
a n d b a l a n c e o f p a y m e n t s a n d e x t e r n a l d e b t . T h e b r i e f 
c o n c l u d e s w i t h a d v i c e t o t h e E x e c u t i v e a b o u t t h e 
i m p l i c a t i o n s o f t h e f i n d i n g s o f t h e R i s k M o n i t o r i n g 
e x e r c i s e f o r t h e B a n k ' s l e n d i n g p o l i c y t o w a r d s t h e c o u n t r y 
i n v o l v e d . 
U n d e r t h e h e a d i n g O u t l o o k a n d R i s k A n a l y s i s t h e b r i e f g i v e s 
an a s s e s s m e n t o f t h e p o l i t i c a l s t a b i l i t y o f t h e c o u n t r y a n d 
an a s s e s s m e n t o f s i x i n d i c a t o r s o f e c o n o m i c s t a b i l i t y . The 
i n d i c a t o r s a r e : - p o p u l a t i o n , GDP, c u r r e n t a c c o u n t b a l a n c e , 
t o t a l e x t e r n a l d e b t , i n t e r n a t i o n a l r e s e r v e s a n d e x c h a n g e . 
T h e w a y e a c h o f t h e i n d i c a t o r s a p p e a r s t o be d e v e l o p i n g i s 
e s t i m a t e d i n q u a l i t a t i v e t e r m s l i k e : r i s i n g , u n c h a n g e d a n d 
d e p r e c i a t i n g . 
D i s c u s s i o n o f p o l i t i c a l f a c t o r s c o v e r s : r e s u l t s o f 
e l e c t i o n s , t h e p r o g r a m m e o f t h e p a r t y e l e c t e d , u n r e s t , 
s t r i k e s , t r a d e u n i o n a c t i v i t i e s a n d d e v e l o p m e n t s i n 
i n t e r n a t i o n a l t r a d e a n d e c o n o m i c c o l l a b o r a t i o n . 
T h e d i s c u s s i o n o f d o m e s t i c e c o n o m y t e n d s t o f o c u s o n 
a s s e s s i n g t h e p r o s p e c t s f o r e c o n o m i c g r o w t h i n t h e y e a r s 
a h e a d . I n b u i l d i n g u p a n a s s e s s m e n t o f t h e p r o s p e c t s f o r 
e c o n o m i c g r o w t h a t t e n t i o n i s g i v e n t o t h e m a g n i t u d e o f 
i n f l a t i o n a r y p r e s s u r e s a n d t h e w a y t h e y a r e d e a l t w i t h . 
T h e a s s e s s m e n t o f t r a d e a c c o u n t s c o v e r s b a l a n c e o f 
p a y m e n t s , t r a d e p r o s p e c t s , e x t e r n a l f i n a n c i n g a n d e x c h a n g e 
r a t e p o l i c y . I n t h e a s s e s s m e n t a t t e n t i o n w o u l d be g i v e n t o 
w h e t h e r o r n o t e x p o r t s w e r e g r o w i n g . 
D i s c u s s i o n o f e x t e r n a l d e b t i s t h e l a s t s e c t i o n o f t h e 
b r i e f , b u t p e r h a p s t h e m o s t i m p o r t a n t . T h e b r i e f w o u l d 
c o m m e n t o n t h e d e b t t o e x p o r t s r a t i o a n d w h e t h e r t h e 
s i t u a t i o n i s s u s t a i n a b l e o r n o t . A l s o t h e b r i e f w o u l d 
c o m m e n t on t h e r e a l i t y o f t h e c o u n t r y b e i n g a b l e t o s e r v i c e 
i t s d e b t s . 
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A d d i t i o n a l Comment on t h e S c a l i n g o f R a n k i n g F a c t o r s 
S c a l i n g o f R a n k i n g F a c t o r s , d e s c r i b e d i n t h e m a i n t e x t , 
c o u l d be d e s c r i b e d as a s u b j e c t i v e a t t e m p t t o i d e n t i f y t h e 
d e c i s i o n t h a t w o u l d r e s u l t i n t h e o p t i m u m d i s t r i b u t i o n o f 
r e s o u r c e s . I n t h e i r d i s c u s s i o n s o f d i s t r i b u t i v e j u s t i c e , 
B r a y b r o o k e a n d L i n d b l o m ( 1 ) d r e w a t t e n t i o n t o t h e f a c t t h a t 
e v e n A r i s t o t l e r e c o g n i s e d t h a t many f a c t o r s i n f l u e n c e d t h e 
e q u i t a b l e d i s t r i b u t i o n o f r e s o u r c e s . I n some w a y s i t c o u l d 
b e a r g u e d t h a t a n i n f i n i t e r a n g e o f f a c t o r s h a v e t o b e 
c o n s i d e r e d i n d e t e r m i n i n g w h i c h d e c i s i o n o p t i o n w i l l y i e l d 
t h e o p t i m u m d i s t r i b u t i o n o f r e s o u r c e s . T h e R i s k R a n k i n g 
T e c h n i q u e i s a n a t t e m p t t o r a t i o n a l i s e f o r t h e d e c i s i o n 
m a k e r t h e n u m b e r o f f a c t o r s a n d t h e n u m b e r o f l e v e l s o f 
a c c e p t a b i l i t y t h a t h a v e t o be c o n s i d e r e d . 
T h e f o u r l e v e l s o f a c c e p t a b i l i t y w e r e c h o s e n a s a w a y o f 
g r a d i n g a c c e p t a b i l i t y o n t h e b a s i s o f t h e i n t r i n s i c 
p r o p e r t i e s o f e a c h p r o p o s i t i o n c o n s i d e r e d . I n F i g . 8 , i n 
t h e m a i n t e x t , i t w a s s h o w n how a t h r e e d i m e n s i o n a l m a t r i x 
o f R a n k i n g w o u l d r e s u l t f r o m v a r i a t i o n i n t h e d a t a u s e d . 
I n t h e d i a g r a m t h e m e a n R a n k i n g i s s h o w n e v e n l y s p a c e d 
b e t w e e n t h e u p p e r a n d l o w e r l i m i t s . S u c h e v e n d i s t r i b u t i o n 
s u g g e s t s t h e d a t a m a y f o l l o w a n o r m a l d i s t r i b u t i o n , an 
a s s u m p t i o n t h a t m a y b e m i s l e a d i n g . R e f l e c t i n g o n t h e 
m a g n i t u d e o f c o s t e s c a l a t i o n , m e n t i o n e d i n C h a p t e r 1 o f t h e 
m a i n t e x t , s u g g e s t s t h a t i n r e a l i t y t h e d a t a may be s k e w e d 
a n d t h a t a d i s t r i b u t i o n o t h e r t h a n n o r m a l m a y be m o r e 
a p p r o p r i a t e . A p o s s i b l e d e s c r i p t i o n o f t h e d a t a c o u l d be a 
W e i b u l l d i s t r i b u t i o n w i t h a s u i t a b l e p a r a m e t e r ( 2 ) . S u c h 
r e f i n e m e n t o f t h e a n a l y s i s may n o t b e j u s t i f i e d b y t h e 
q u a l i t y o f t h e d a t a a v a i l a b l e . 
A t h r e e d i m e n s i o n a l m a t r i x , o f t h e t y p e s h o w n i n F i g . 8 , 
r e a l l y o n l y r e p r e s e n t s a s n a p s h o t o f t h e d e c i s i o n o p t i o n s 
a s t h e y a p p e a r a t a p a r t i c u l a r t i m e . W i t h t h e p a s s a g e o f 
t i m e t h e c o m p o n e n t s o f t h e f a c t o r s i n v o l v e d i n t h e R a n k i n g 
m a t r i c e s w i l l t e n d t o c h a n g e , a n d t h e c o m p o s i t i o n o f t h e 
m a t r i c e s w i l l t e n d t o c h a n g e . T h e i n f l u e n c e o f t i m e on t h e 
R a n k i n g m a t r i c e s c o u l d be d e s c r i b e d d i a g r a m m a t i c a l l y as a 
s e r i e s o f m a t r i c e s d i s t r i b u t e d a l o n g a l i n e r e p r e s e n t i n g a 
t i m e c o n t i n u u m . I n m a n y d e c i s i o n m a k i n g s i t u a t i o n s , a 
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d e c i s i o n has to be made at a p a r t i c u l a r t ime on the bas is 
of the i n f o r m a t i o n then a v a i l a b l e , so e x p l o r a t i o n of 
changes w i t h t ime i s not necessary . However, the re are 
dec is ions in which changes w i th t ime have to be considered. 
These dec is ions are of two main types which a re : -
1 . Decisions tha t have to be repeated over t ime. 
2. Major d e c i s i o n s which take many years to come to 
f r u i t i o n and in t h a t t ime needs and the env i ronment 
surrounding the dec is ion change. 
In both cases , a t the t ime the d e c i s i o n i s made care w i l l 
have to be taken to ensure t h a t , as f a r as i s p r a c t i c a l , 
t ime r e l a t e d changes had been al lowed f o r . 
Examples of the k i nd of changes w i t h t ime t h a t have to be 
al lowed fo r a r e : -
1 . When a bank makes a loan to a Country abroad, i t w i l l 
e v a l u a t e whether or not the economic s t r e n g t h and 
p o l i t i c a l s t a b i l i t y o f t he C o u n t r y has changed 
s i g n i f i c a n t l y s i n c e i t l a s t made a l o a n t o t h a t 
Country. 
2. Before an i nsu rance company accepts a r i s k , i t w i l l 
f i r s t assess what f a c t o r s have changed s ince i t l a s t 
accepted tha t k ind of r i s k . 
3. Adequacy o f a l l o w a n c e f o r changes i n b o r r o w i n g 
c o n d i t i o n s such a s : i n t e r e s t r a t e or r epaymen t 
cond i t i on changes. 
4. Before a company embarks on a major c o n s t r u c t i o n 
p r o j e c t l a s t i n g seve ra l y e a r s , i t w i l l have to decide 
whether or not the p r o j e c t w i l l s t i l l be wanted when i t 
i s complete. 
Having summarised how the Risk Ranking Technique al lows for 
v a r i a t i o n i n the data and the env i ronment of d e c i s i o n 
making, a t t e n t i o n can now be turned to j u s t i f i c a t i o n of the 
Ranking Scales postu la ted and j u s t i f i c a t i o n of the proposed 
method of s c o r i n g a c c e p t a b i l i t y proposed. The system of 
scor ing proposed was intended to charac te r i se the degree of 
a c c e p t a b i l i t y of each of the f ou r grades of a c c e p t a b i l i t y 
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s p e c i f i e d . I t has been argued in Chapter 6, in the main 
t e x t , t h a t f o u r Ranking Steps would g ive an adequate 
c l a s s i f i c a t i o n of the var ious shades of a c c e p t a b i l i t y and 
at the same t ime avoid a neut ra l middle ground grade. The 
s e l e c t i o n of a 1,2,5, 14 scor ing scale was purely a r b i t r a r y 
and intended to grade the a c c e p t a b i l i t y of each fac to r in a 
way t h a t would ensure adverse Rankings would not be 
obscured in the ove ra l l Ranking. 
The a t t r i b u t e t ha t i s scored is a c c e p t a b i l i t y . The length 
of the sca le chosen was chosen q u i t e a r b i t r a r i l y , but 
c r i t e r i a were s p e c i f i e d f o r d e t e r m i n i n g which grade a 
p a r t i c u l a r f a c t o r shou ld be a l l o c a t e d . A l though the 
c r i t e r i a spec i f i ed fo r determin ing Ranking Grade and Score 
are genera l l y descr ibed in numerical terms, they cannot be 
measured w i t h p r e c i s i o n (3 ) . For example, i t i s very 
d i f f i c u l t to measure the c a p a b i l i t y and re levant experience 
of a proposer, such judgments remain sub jec t i ve . 
Never the less, the s t ruc tu red approach of the Risk Ranking 
Technique provides a cons is ten t way of r e l a t i n g q u a l i t a t i v e 
i n f o rma t i on to numerical rep resen ta t ion . Bu i ld ing up the 
R a n k i n g p r o c e s s i n c l u d e s two i m p o r t a n t a n a l y t i c a l 
d i s c i p l i n e s , which are o r d e r i n g the data a v a i l a b l e and 
making some o rd ina l measure of the s i gn i f i cance of the data 
( 4 ) . The s p e c i f i c a t i o n of c r i t e r i a f o r s c o r i n g p rov ides 
the o r d e r i n g of the measurement. The form of o r d i n a l 
measurement adopted i s n o n - d i m e n s i o n a l . This form of 
measurement was chosen to enable the measurements from 
d ispara te f ac to rs to be combined. I f only one f a c t o r , l i k e 
economics , was be ing cons ide red i t would be p o s s i b l e to 
contemplate the s i g n i f i c a n c e of the f ac to r being measured 
i n d i m e n s i o n a l t e rms . In the case of economics , money 
would be an appropr ia te u n i t of measurement. 
One problem w i t h the type of scor ing system proposed ar ises 
from the environment tha t normal ly surrounds the p a r t i c u l a r 
type of d e c i s i o n making be ing c o n s i d e r e d . The problem i s 
t ha t data fo r some par ts of the assessment of a c c e p t a b i l i t y 
may be q u a l i t a t i v e and f o r o t he r p a r t s q u a n t i t a t i v e . In 
o t h e r words , the q u a l i t y of the data t h a t has to be used 
may be v a r i a b l e . The q u a l i t a t i v e data may a r i s e from 
c o n s u l t i n g e x p e r t s about a c c e p t a b i l i t y . Some of the 
procedures tha t can be adopted in such cases to ensure the 
r e s u l t s are as c o n s i s t e n t as p o s s i b l e are desc r ibed in 
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Appendix 5 and re f 5. Presentat ion of the v a r i a t i o n in the 
q u a l i t y of the data t h a t has to be used can be achieved 
w i t h the three dimensonal Ranking mat r ix tha t has already 
been descr ibed. 
In making a c r i t i c a l assessment of the adequacy of the 
s c o r i n g s c a l e , c o n s i d e r a t i o n must be g iven to poss i b l e 
a l t e r n a t i v e s . Three a l t e r n a t i v e s are cons idered - they 
a r e : a l i n e a r s c a l e , (6) the q u a d r a t i c / B i e r sco r i ng r u l e 
(7) and a v a r i a t i o n of the / 3 measure of sys tema t i c r i s k 
(8) . 
A simple 1,2,3,4 l i n e a r sca le , wh i le g i v ing a s a t i s f a c t o r y 
i d e n t i f i c a t i o n of each f a c t o r i n each o p t i o n , tends to 
obscure the s i g n i f i c a n c e of adverse Ranking of a s i n g l e 
f a c t o r . Table A4.1 shows how the s i g n i f i c a n c e of an 
i n d i v i d u a l adverse Ranking can be obscured in the o v e r a l l 
Rank ing . For the l i n e a r Ranking system p o s t u l a t e d , f o r 
i l l u s t r a t i v e purposes, i t is assumed t h a t : -
1. A f a c t o r tha t i s u n l i k e l y to be acceptable would have a 
score of 4 and a Rank 1. 
2. A f a c t o r t h a t i s on ly l i k e l y to be accep tab le i f the 
r i s k can be reduced would have a score of 3 and a Rank 2. 
3. A f a c t o r t h a t i s on ly accep tab le s u b j e c t to some 
add i t i ona l con t ro l would have a score of 2 and a Rank 3. 
4. A f a c t o r t h a t i s accep tab le w i t h o u t r e s t r i c t i o n would 
have a score of 1 and a Rank 4. 
The t o t a l score range of the ove ra l l Rankings would be : -
Rank 1 , t o t a l score 10-12 Rank 2, t o t a l score 7-9 
Rank 3, t o t a l score 4-6 Rank 4 , t o t a l score 3 
As a l i n e a r Rank ing sco re s c a l e can l e a d to the 
s i g n i f i c a n c e of some adverse f a c t o r s be ing obscured, a 
l i n e a r Ranking scale is considered unacceptable. 
The quad ra t i c /B i e r scor ing systems are fo r the purpose 
of t h i s s tudy c o n s i d e r e d to be s i m i l a r as both are 
based on a q u a d r a t i c s c o r i n g s c a l e , can be expressed as 
score = (1-P)^ X 100 Equation 1. 
where P is the p r o b a b i l i t y of a statement being t r ue . 
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TABLE A4.1 
Examples of Overall Ranking based on a Linear Scale. 





Pol i t ical 2 











Pol i t ical 2 












Pol i t ical 1 




In this case 
adverse technical 
Ranking is obscured 
In Risk Ranking o p t i o n s are graded under f ou r headings 
which is d i f f e r e n t to the B ie r /quadra t i c concept. Simply 
to f o l l o w the q u a d r a t i c d i s t r i b u t i o n of scores i t i s 
assumed t h a t each grade can be rep resen ted by the cen t re 
po in t of each q u a r t i l e between 0 and 1. The centre points 
g i v i n g P the s e r i e s of va lues 0.125, 0.375, 0.625 and 
0.875. Using these numbers w i th equation 1 would give the 
score s e r i e s 76.56, 39.06, 14.06 and 1.56. Revers ing the 
numbers and round ing g ives the s e r i e s , 2, 14, 39 and 77. 
To i l l u s t r a t e the e f f i c a c y of the s c o r i n g system i t has 
been app l ied t o , the pa t te rn of opt ions described in Table 
A4.1 and the r e s u l t s are shown i n Table A4.2. With the 
q u a d r a t i c s c a l e , the t o t a l score range f o r the o v e r a l l 
Rankings would be: -
Rank 1, t o t a l score 81-231 
Rank 3, t o t a l score 18-42 
Rank 2, t o t a l score 43-117 
Rank 4, t o t a l score 6 
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TABLE A4.2 Examples of the Overa l l Ranking based on a 
Quadratic/Bier Scale 




Pol i t ical 14 
Total score 42 
giving an overall 
ranking of 3 
The Rank 3 fa i r ly 
reflects individual 
scores and gives the 





pol i t ica l 14 
Total score 105 Overall Ranking 
giving an overall 
Ranking of 2 or 1 
uncertain and the 
adverse economic 





pol i t ica l 
Total score 81 
giving an overall 
Ranking of 2 or 1 
Overall Ranking 
uncertain and the 
adverse technical 
Ranking is obscured 
The q u a d r a t i c / B i e r Rank ing s c a l e does no t o f f e r any 
advantage over the l i n e a r sca le and can g ive ambiguous 
Ranking. 
I f the r i s k was being measured purely in f i n a n c i a l terms 
i t m igh t be p o s s i b l e to dev ise a sca le based on the 
/ S c o e f f i c i e n t which is used as an i n d i c a t i o n of the nature 
o f t h e r i s k / r e t u r n r e l a t i o n s h i p a s s o c i a t e d w i t h a 
p a r t i c u l a r i n v e s t m e n t (9 ) . The g r e a t e r / 3 the g r e a t e r the 
r i s k associated w i t h tha t investment. A y3 equal to un i ty 
suggests t h a t the r e t u r n on an i nves tmen t f l u c t u a t e s 
p r o p o r t i o n a t e l y to the markets average r e t u r n . I f / 3 i s 
less than 1 , the f l u c t u a t i o n is less than the markets. /S 
does no t appear t o be an a p p r o p r i a t e measure f o r a 
comprehens ive Ranking sca le as i t does not seem d i r e c t l y 
a p p l i c a b l e t o measure t e c h n i c a l and s o c i o - p o l i t i c a l 
fac t o r s . 
F i n a l l y , to complete the review of possib le scor ing scales, 
the Ranking sca le used i n the main t e x t i s t e s t e d aga ins t 
the pa t te rn of dec is ion opt ions used to t es t the l i nea r and 
quad ra t i c /B i e r scales. In the main t e x t , the scor ing scale 
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1,2,5,14 was used. Th is gave a t o t a l score range f o r 
o v e r a l l Ranking o f : -
Rank 1 , t o t a l score 16-42 Rank 2, t o t a l score 7-15 
Rank 3, t o t a l score 4-6 Rank 4, t o t a l score 3 
The r e s u l t s of the main t e x t s c o r i n g sca le are g iven in 
Table A4.3. 
TABLE A4.3 Test of the Main Text Scoring Scale 
OPTION FACTOR SCORE OVERALL RANK COMMENT 
Technical 2 Total score 6 The Rank 3 fa i r ly 
1 Economic 2; giving an reflects individual scores 
Socio- overall as did the linear and 
Pol i t ical 2 Ranking of 3 quadratic/Bier scales 
Technical 2 Total score 18 The Rank 1 draws attention 
2 Economic 14 giving an to the importance of the 
Socio- overall Ranking most c r i t i ca l l y Ranked 
Po l i t i ca l2 of 1 factor 
Technical 14 Total score 16 The Rank 1 draws attention 
3 Economic 1 giving an to the importance of the 
Socio- overall Ranking most c r i t i ca l l y Ranked 
Pol i t ical 1 of 1 factor 
CONCLUSION 
The Ranking Sco r i ng Scale used in the main t e x t has the 
advantage compared w i t h the other scales considered, tha t 
i t does not reduce the s i gn i f i cance of the most c r i t i c a l l y 
Ranked f a c t o r or in t roduce ambiguity i n to the Ranking. 
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APPENDIX 5 
Rules for Deriving Data from Expert Opinion 
(These ru les were given in R e f . l 2 ) 
The f o l l o w i n g s i x r u l e s , i f f o l l o w e d , should help to 
m i n i m i z e the e r r o r s i n i n t e r p r e t a t i o n of the op in ions of 
e x p e r t s : - (1) (2) 
1) The e x p e r t s c o n s u l t e d should have e x p e r t i s e in the 
f i e l d being s tud ied . 
2) Experts should also be asked to i d e n t i f y evidence that 
tends to c o n t r a d i c t t h e i r op in ions . 
3) The problems on which expert opin ion is sought should 
be kept down to an understandable s i ze . 
4) A n a l y s i s of the v iews of seve ra l expe r t s i s b e t t e r 
than the view of a s ing le exper t . 
5) S t r u c t u r e d e l i c i t a t i o n of o p i n i o n s i s b e t t e r than 
uns t ruc tu red ques t ion ing . 
6) Mathematical ana lys is of opinions is be t te r than some 
sub jec t i ve view of op in ion . 
I t must be remembered t ha t no matter how c a r e f u l l y expert 
op in ions are c o l l e c t e d and analysed they w i l l s t i l l remain 
q u a l i t a t i v e op in ions . The ana lys is w i l l not convert them 
i n t o q u a n t i t a t i v e da ta . I t i s sometimes d i f f i c u l t to 
dec ide how f a r a problem has to be decomposed to be of 
u n d e r s t a n d a b l e s i z e . C e r t a i n l y a p r o b l e m s h o u l d be 
decomposed to the e x t e n t t h a t i t matches the e x p e r t i s e of 
the e x p e r t . Such decompos i t i on may revea l p a r t s of the 
p r o b l e m f o r w h i c h t h e r e i s no e x p e r t o p i n i o n . 
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A General Description of Bayesian and Fuzzy Analysis 
An ana lys t t r y i n g to assess the a c c e p t a b i l i t y of a complex 
novel p r o j e c t i s faced w i t h the d i f f i c u l t problem of 
f i n d i n g a way to measure a c c e p t a b i l i t y even though there 
a re few or no r e l e v a n t q u a n t i t a t i v e d a t a . W i t h o u t 
q u a n t i t a t i v e da ta c l a s s i c a l s t a t i s t i c a l methods of 
c a l c u l a t i n g p r o b a b i l i t y are of l i t t l e d i r e c t use. The 
ana lys t i s faced w i th three opt ions which a re : - resor t to 
q u a l i t a t i v e a n a l y s i s us ing n a t u r a l language terms to 
d e s c r i b e a c c e p t a b i l i t y , to use some form of s yn thes i s of 
q u a n t i t a t i v e data or use a c o d i f i e d method of s t a t i s t i c a l 
in fe rence such as Bayesian or Fuzzy Analys is . 
Simple d e s c r i p t i o n of a c c e p t a b i l i t y in natura l language can 
g i ve r i s e to many problems even i f the terms used are 
c o d i f i e d and used i n a c o n s i s t e n t manner. I d e a l l y the 
terms used should be re l a ted to some q u a n t i t a t i v e statement 
of a c c e p t a b i l i t y , but g iven t h a t no r e l e v a n t data are 
a v a i l a b l e e s t a b l i s h i n g such a r e l a t i o n s h i p is not easy and 
c e r t a i n l y not p r e c i s e . One good example of an a t t emp t to 
r e l a t e q u a l i t a t i v e s t a t e m e n t s of a c c e p t a b i l i t y w i t h 
s a t i s f y i n g a q u a n t i t a t i v e c r i t e r i a of a c c e p t a b i l i t y i s 
given by the C i v i l Av ia t i on Au tho r i t y (CAA) requirements a 
c i v i l a i r c r a f t has to s a t i s f y . ( l ) (see Figure 8 in the main 
t e x t ) . These requirements re l a te q u a l i t a t i v e descr ip t ions 
o f a c c i d e n t s e v e r i t y and f r e q u e n c y to q u a n t i t a t i v e 
s t a t e m e n t s o f a c c e p t a b i l i t y . The main requ i remen ts 
document s p e c i f i e s t h a t s a t i s f a c t i o n of the requ i remen ts 
has to be demons t ra ted e x p e r i m e n t a l l y i n a p r e c i s e l y 
d e f i n e d way t h a t b u i l d s up s t a t i s t i c a l l y a c c e p t a b l e 
ev idence t h a t the c r i t e r i a w i l l be s a t i s f i e d . In o ther 
words the f i n a l d e c i s i o n about the a c c e p t a b i l i t y of a 
des ign i s d e f e r r e d u n t i l the a c c e p t a b i l i t y i s proved 
expe r imen ta l l y . A dec is ion maker does not always have the 
oppor tun i t y of w a i t i n g fo r exper imental proof before making 
a f i n a l dec i s ion . However, the procedure does suggest that 
when r e l e v a n t q u a n t i t a t i v e data are not a v a i l a b l e any 
d e c i s i o n about a c c e p t a b i l i t y should be kept under rev iew 
u n t i l t he v a l i d i t y of d e c i s i o n can be j u s t i f i e d i n 
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q u a n t i t a t i v e terms. 
An a l t e r n a t i v e to making a dec is ion purely on a q u a l i t a t i v e 
v i e w i s t o a t t e m p t t o s y n t h e s i z e t he q u a n t i t a t i v e 
c h a r a c t e r i s t i c s of the f e a t u r e of i n t e r e s t f rom data on 
components s i m i l a r to those from which the feature is made. 
The s y n t h e s i z i n g process can be a p p l i e d both to complete 
systems and the i n d i v i d u a l components tha t make up complete 
sys tems. S y n t h e s i s does not produce e r r o r f r ee r e s u l t s . 
For s imple engineer ing systems i t has been suggested tha t 
f o r i n s t r u m e n t systems the r a t i o of observed f a i l u r e s to 
f a i l u r e s p r e d i c t e d by s y n t h e s i s t he re i s a 96% chance of 
the r a t i o be ing w i t h i n a f a c t o r of 4 of the median va lue . 
(2) The American space agency NASA stated tha t i t was not 
able to use numerical assessment fo r i t s f a u l t analys is as 
the data base i t had was so smal l i t would not produce 
p r e c i s e f a i l u r e r a t e s . (2) The problem was exacerbated by 
the f a c t t h a t a l t hough the NASA programme i s massive the 
d i f f e r e n c e s in c o n f i g u r a t i o n between each space shot make 
compar ison of the data o b t a i n e d f rom each shot of l i t t l e 
v a l u e . In the f i n a n c i a l area q u a n t i t a t i v e data about the 
s i g n i f i c a n c e of the r i s k s i n v o l v e d i n novel f i n a n c i a l 
p r o j e c t s i s e q u a l l y d i f f i c u l t to e s t a b l i s h and banks and 
insurance companies tend to adopt e i t he r a qua 1 i t i t a t i v e or 
a n o n - d i m e n s i o n a l o r d i n a l way o f a s s e s s i n g t h e 
a c c e p t a b i l i t y of r i s k s . (3) Such methods can be l o o s e l y 
descr ibed as i n f e r r i n g the r i sk a c c e p t a b i l i t y . So the next 
step is to examine what the formal methods of s t a t i s t i c a l 
i n f e r e n c e have to o f f e r as an a id to d e t e r m i n i n g r i s k 
a c c e p t a b i l i t y when there i s l i t t l e or no data ava i l ab le . 
The s t a r t i n g p o i n t f o r any e x a m i n a t i o n of s t a t i s t i c a l 
i n f e r e n c e must be the work of the 18th Century Eng l i sh 
Clergyman Thomas Bayes. (4) Fuzzy Analysis has i t s o r i g i ns 
in the form of ana lys is tha t Bayes o r i g i n a t e d , so there is 
no excuse needed f o r g i v i n g c o n s i d e r a b l e emphasis i n the 
d i s c u s s i o n t h a t f o l l o w s to Bayes methods. I n f e r e n c e 
invo lves e x t r a p o l a t i n g from the known to the unknown. The 
f o l l o w i n g q u o t a t i o n f rom S i r Ronald F i s h e r ' s book "The 
Design of E x p e r i m e n t s " he lps to put the arguments t h a t 
f o l l o w i n t o p e r s p e c t i v e . "We may a t once admi t t h a t any 
i n f e r e n c e f rom the p a r t i c u l a r to the genera l must be 
a t t ended w i t h some degree of u n c e r t a i n t y , but t h i s i s not 
t h e same as to a d m i t t h a t such i n f e r e n c e c a n n o t be 
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a b s o l u t e l y r i g o r o u s , f o r the na tu re and degree of the 
unce r ta i n t y may i t s e l f be capable of r igorous expression." 
( 5 ) . 
In m a t h e m a t i c a l terms Bayes' Rule can be expressed as 
f o l 1ows : -
I f events Bj^, B 2 , B|^  c o n s t i t u t e a p a r t i t i o n of a 
sample space S, where P ( B i ) / 0 f o r t = 1 , 2 K , then f o r 
any event A i n sample space S such t ha t P(A) i 0, i s (6) 
P(Br A) 
P ( B r ^ A ) P(Br)P{A Br) 
2'^P(Bi - - ^ A ) T ' ^ P ( B I - ) P ( A | B , . ) 
i = 1 i = 1 
f o r r = 1 , 2 , K 
I n o the r words Bayes' Rule s p e c i f i e s a way of d e t e r m i n i n g 
the c o n d i t i o n a l p r o b a b i l i t y of an event g iven some of the 
other re levan t data. 
The Bayesian approach i s i n tended to be a p p l i e d to the 
ana lys is of d i s t r i b u t i o n s appropr ia te to problems for which 
t h e d a t a i s i n i t i a l l y s u b j e c t i v e . S u b j e c t i v e da ta 
r e p r e s e n t i n g b e l i e f about what the r e l e v a n t parameters 
shou ld be, r a t h e r than hard q u a n t i t a t i v e data such as the 
r e s u l t s of o b s e r v a t i o n , A t y p i c a l example of s u b j e c t i v e 
data would be expert opin ions about the a c c e p t a b i l i t y of a 
novel p r o j e c t . S t a r t i n g from an i n i t i a l p o s i t i o n , or p r i o r 
p o s i t i o n , when there is some sub jec t i ve view about the data 
and i t s d i s t r i b u t i o n i t is poss ib le to ca l cu la te the p r i o r 
mean and p r i o r v a r i a n c e . Then w i t h the a d d i t i o n of some 
o b j e c t i v e data i t i s p o s s i b l e to r e f i n e the p r i o r view i n t o 
a b e t t e r e s t i m a t e o f t he d i s t r i b u t i o n . The r e f i n e d 
d i s t r i b u t i o n , known as the p o s t e r i o r d i s t r i b u t i o n , does 
need a data i n p u t to make i t any improvement on the p r i o r 
d i s t r i b u t i o n . E s s e n t i a l l y t h e p r o c e s s i n v o l v e s 
e x t r a p o l a t i o n and because i t involves ex t rapo la t i on there 
must s t i l l be some uncer ta in ty about the conclus ions. (7). 
But i t i s impor tan t to remember t ha t the Bayesian process 
i s i t e r a t i v e , t h a t i s the r e s u l t s become more c e r t a i n as 
more data are obta ined. 
2 2 1 
The Bayesian approach can be a p p l i e d to d e t e r m i n a t i o n o f : 
means, c o r r e l a t i o n , r e g r e s i o n , con t i ngency t a b l e s and 
a n a l y s i s of v a r i a n c e . E s s e n t i a l l y in a l l a p p l i c a t i o n s of 
the Bayesian approach the problem l i e s w i t h i d e n t i f i c a t i o n 
o f p r i o r c o n d i t i o n s and r e l a t e d b a s i c d a t a . Th i s 
under l ines the d i f f i c u l t y of assessing the a c c e p t a b i l i t y of 
r e a l l y novel p r o j e c t s f o r which t h e r e r e a l l y are no data . 
I t i s j u s t in t h i s area tha t c l a s s i c a l s t a t i s t i c a l methods 
are a t t h e i r weakest as they make no a l l owance f o r the r o l e 
of s u b j e c t i v e da ta . The d e c i s i o n maker o f t e n has to make 
h i s d e c i s i o n on the bas is of s u b j e c t i v e data so what e lse 
has Bayesian ana lys is to o f f e r . In the context of decis ion 
making the Bayes e s t i m a t o r and Bayes Risk have to be 
c o n s i d e r e d . (8 ) Assuming t h a t t he d e c i s i o n maker i s 
concerned to make the co r rec t dec is ion an attempt must be 
made to e v a l u a t e the b e n e f i t s r e s u l t i n g f rom a c o r r e c t 
d e c i s i o n and any p e n a l t i e s t h a t may r e s u l t f rom making a 
wrong dec i s ion . The c r i t e r i o n tha t can be used is for the 
d e c i s i o n f u n c t i o n -e- to have the l e a s t pena l t y when the 
i n c o r r e c t ac t ion is taken. The next step i s to int roduce a 
loss f unc t i on L whose value depends on the t rue value of 
parameter •0- and ac t ion A. 
The f u n c t i o n a l r e l a t i o n s h i p i s L{ •0-;A) and f o r d e c i s i o n 
making problems a loss func t i on of the form L (-G-.A) = •6- -A 
can be used or i f two or more d e c i s i o n f u n c t i o n s have to be 
c o n s i d e r e d L (4 ;A ) = ( - ^ - A l ^ 
Since A i s unknown, the se t of a l l p o s s i b l e va lues i s known 
as the parameter space. For each p o s s i b l e va lue of A the 
loss f unc t i on w i l l have d i f f e r e n t value. 
A r i s k f unc t i on R can be def ined fo r the decis ion func t ion 
as R(-§;A) and t h i s i n t u r n d e f i n e s the expected value E of 
the loss f u n c t i o n in the f o l l o w i n g way: 
R{e-;A) = E[L{-e-;A)] 
I f a dec is ion has to be made between two opt ions ^ and ^ 2 
and the m in i max c r i t e r i o n i s adopted then the d e c i s i o n 
o p t i o n s R("§;A) t h a t i s s e l e c t e d i s the one t h a t has the 
lowest maximum r i s k . Determinat ion of the expected value 
may be very compl ica ted , a f a c t be l ied by the s i m p l i c i t y of 
the expression E[L{-&;A)]. 
2 2 2 
In c o n s i d e r i n g which cho ice to make between the o p t i o n s 
a v a i l a b l e a term c a l l e d a Bayes' E s t i m a t o r i s sometimes 
used. The E s t i m a t o r B i s the Bayes Risk x the d e c i s i o n 
f u n c t i o n wh ich g i ves a minimum v a l u e . For example i f - ^ 2 
and ^2 ^"^^ d e c i s i o n f u n c t i o n s then i f Bi^^) < B{-^2) then 
i t f o l l ows t h a t - ^ 1 , i s the be t te r dec is ion . 
Now to consider a p r a c t i c a l example of a decis ion invo lv ing 
a p u b l i c e n q u i r y . P u b l i c I n q u i r e s c a l l f o r a tremendous 
amount of d e t a i l e d i n f o r m a t i o n and take a year or more to 
reach t h e i r v e r d i c t . In I n q u i r i e s there are usual ly many 
groups p r e s e n t i n g t h e i r cases and the chai rman of the 
I n q u i r y has to make h is d e c i s i o n on the bas is of the 
evidence they present. The arrangement i s analogous to any 
dec is ion making process the chairman of the Inqu i ry could 
be e q u a t e d to the c h i e f e x e c u t i v e o f a company or a 
government m i n i s t e r . The in f luence of a p a r t i c u l a r group 
on t he f i n a l d e c i s i o n has been c h a r a c t e r i s e d i n the 
f o l l o w i n g way (9) : -
x j = a + b2X2 + b3X3 + h^x^ + . . . b^x„ + E 
the = constant + contribution + contribution + contribution + contribution + error 
chance of of groups of size of of nature of of all other 
winning favoured group group factors 
or losing argurent considered 
W h i l e such a r e g r e s s i o n e q u a t i o n i s a t t r a c t i v e as 
t h e o r e t i c a l expression a considerable amount of evidence i s 
requ i red to convert i t i n t o a p r a c t i c a l too l fo r es t imat ing 
i n f l u e n c e . Even w i t h o u t the a d d i t i o n a l ev idence the 
e q u a t i o n can he lp s t r u c t u r e s u b j e c t i v e a n a l y s i s of a 
groups i n f l u e n c e . 
The diagram in F i g . A 6 . 1 shows how Bayes Theorem can be used 
to i t e r a t i v e l y r e f i n e an e s t i m a t e of a p roposa l w inn ing 
support in a mixed group of dec is ion makers, 
Bayes Theorem i s expressed as P(Hj | A ) = P(A H, ) P(Hj) 
P ( A ) 
where P ( A | H I ) = l i k e l i h o o d 
P(Hi) = p r i o r p r o b a b i l i t y 
P ( A ) = sum o f p r o d u c t s o f 
l i k e l i h o o d and p r i o r 
p r o b a b i l i t y fo r re levant 
c a l c u l a t i o n s 
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L i ke l i hood of winning 
fo r Group 1 support 
proposal - based on 
background c h a r a c t e r i s t i c s 
I n i t i a l 
Pr ior 
Assumption 
P r o b a b i l i t y of winning 





L i ke l i hood of winning 
fo r Group 2 support 
proposal - based on 





Revised p r o b a b i l i t y of 
winning using new data 
and Bayes Theorem 
5 
Revi sed 
Pr io r 
Assumption 
Procedure repeated fo r 
a l l groups tha t have to 
be considered 
lal output p r o b a b i l i t y 
of a proposal being approv 
Fin
_ . . . _^ 
g approved 
i .u .x ing i n to account the 
in f luence of a l l groups 
tak 
involved 
F ig .A6.1 A p p l i c a t i o n o f Bayes Theorem to e s t i m a t i n g 
l i k e l i h o o d o f a p a r t i c u l a r p r o p o s a l w i n n i n g 
support in a mixed group of dec is ion makers 
224 
P(Hi | A ) standardised l i k e l i h o o d 
score obtained by aggregating 
l i k e l i h o o d and p r i o r 
p r 0 b a b i 1 i ty 
The r e s u l t of the c a l c u l a t i o n i s a s ta temen t about the 
p r o b a b i l i t y of a p a r t i c u l a r proposal winning support from a 
mixed group of d e c i s i o n makers, the p r o b a b i l i t y being 
be tween 0 and 1 . E q u a l l y the c a l c u l a t i o n shows the 
p r o b a b i l i t y of the group l o s i n g . As w i t h a l l Bayesian 
a n a l y s i s the more data the re i s about the per formance of 
the group of i n t e r e s t the more the e s t i m a t e of success or 
f a i l u r e can be improved. 
In the context of the d iscussion in t h i s book the question 
t h a t has to be answered i s whether or not i t i s p o s s i b l e to 
have a p r i o r d i s t r i b u t i o n t h a t e x p r e s s e s c o m p l e t e 
ignorance. 
Assuming t h a t the p r i o r d i s t r i b u t i o n can be desc r ibed as 
= C ' - X ^ - ^ ( I - T ) ^ - ^ 
where: -
. {-K ) i s the func t ion governing the unknown populat ion 
p ropor t i on and o < <- I 
C ' i s a constant = (a -i- b - 1) 1 
(a - l ) ! ( b - D ! 
a i s a non negat ive constant ) d i s t r i b u t i o n 
b is a non negat ive constant f parameters 
I f t h e r e i s no p r i o r i n f o r m a t i o n i t can be argued t h a t a = 
0 and b = 0 which g i v e s : -
( x ) = - 1 (1 - ^ ) 0 - 1 
C'-T^ (1 - 7 ^ ) 
which gives a ' U ' shaped d i s t r i b u t i o n c u r v e . ( 1 0 ) . 
An a l t e r n a t i v e sugges t i on i s to assume a and b are both 
e q u a l to 1 . Such an a s s u m p t i o n g i v e s a r e c t a n g u l a r 
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d i s t r i b u t i o n , w h i c h i m p l i e s t h a t e v e r y v a l u e o f - 7 c b e t w e e n 0 
and 1 i s e q u a l l y l i k e l y . I n some w a y s t h e c o n c l u s i o n t h a t 
a l l v a l u e s o f TC a r e e q u a l l y l i k e l y i s a f a i r d e s c r i p t i o n o f 
t h e i m p l i c a t i o n s o f a s t a t e o f c o m p l e t e i g n o r a n c e . 
H o w e v e r , a l i t t l e u n d e r s t a n d i n g o f t h e r e a l w o r l d w o u l d 
s u g g e s t t h a t a u n i f o r m d i s t r i b u t i o n i s v e r y u n l i k e l y a n d 
t h a t i t w o u l d b e m o r e r e a s o n a b l e t o a s s u m e t h a t a a n d b a r e 
b o t h g r e a t e r t h a n 0 b u t l e s s t h a n 1. 
I f t h e p r i o r d i s t r i b u t i o n i s d e r i v e d s i m p l y on t h e b a s i s o f 
a s i n g l e a n a l y s t ' s o p i n i o n t h e v i e w t h a t t h e p r i o r 
d i s t r i b u t i o n i s b i a s e d may be j u s t i f i e d . S t r u c t u r e d 
c o n s u l t a t i o n w i t h s e v e r a l e x p e r t s w i t h g e n u i n e k n o w l e d g e o f 
t h e s u b j e c t b e i n g s t u d i e d m a y y i e l d a m o r e h e l p f u l 
i n d i c a t i o n o f t h e l i k e l y p a t t e r n o f d i s t r i b u t i o n . A l t h o u g h 
k n o w l e d g e o f p r i o r d i s t r i b u t i o n i s c o n c e p t u a l l y 
i n d i s p e n s a b l e t o B a y e s i a n a n a l y s i s s u c h k n o w l e d g e i s n o t 
a l w a y s i m p o r t a n t i n d e t e r m i n i n g t h e e x a c t s h a p e o f t h e 
p o s t e r i o r d i s t r i b u t i o n s . 
T h i s c a n be d e m o n s t r a t e d a s f o l l o w s : -
I f i t i s a s s u m e d t h e d i s t r i b u t i o n o f i n t e r e s t i s a b e t a 
d i s t r i b u t i o n and t h e p o s t e r i o r d i s t r i b u t i o n mean 
/ * X + a 
n + a + b 
w h e r e n = i s t h e s a m p l e s i z e 
X = i s t h e n u m b e r o f o b s e r v a t i o n s w i t h t h e d e s i r e d 
c h a r a c t e r i s t i e s 
a and b a r e t h e d i s t r i b u t i o n c o n s t a n t s o f t h e 
p r i o r d i s t r i b u t i o n and h a v e v a l u e s b e t w e e n 0 
and 1, o r a t a l e a s t s m a l l c o m p a r e d to n. 
I t c a n be s e e n t h a t t h e c h a r a c t e r i s t i c s o f t h e p r i o r 
d i s t r i b u t i o n h a v e l i t t l e i n f l u e n c e on t h e p o s t e r i o r 
d i s t r i b u t i o n . 
A l t h o u g h t h e B a y e s i a n a p p r o a c h p r o v i d e s a way o f i m p r o v i n g 
p r i o r p r e d i c t i o n s o f t h e l i k e l y p o s t e r i o r d i s t r i b u t i o n s , a s 
r e a l e v i d e n c e b e c o m e s a v a i l a b l e , i t d o e s n o t m a k e p r i o r 
d i s t r i b u t i o n s g u e s s e d i n i g n o r a n c e i n t o p r e c i s e 
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o f a s e t t h a t m a k e s up t h e v a r i a n t o f s e t t h e o r y k n o w n a s 
f u z z y s e t t h e o r y . I t i s s t a t e d t h a t t h e o r i g i n a t o r o f 
f u z z y s e t t h e o r y h a s d e s c r i b e d t h e a i m o f t h e t h e o r y a s 
b e i n g : " T h e d e v e l o p m e n t o f a m e t h o d o l o g y f o r t h e 
f o r m u l a t i o n a n d s o l u t i o n o f p r o b l e m s w h i c h a r e t o o c o m p l e x 
o r i l l - d e f i n e d t o b e s u s c e p t i b l e t o a n a l y s i s by 
c o n v e n t i o n a l t e c h n i q u e s " . ( 1 1 ) . 
I n f u z z y a n a l y s i s f o r e a c h c o m p o n e n t o f a s e t i t i s 
p o s s i b l e t o a s s i g n a d e g r e e o f m e m b e r s h i p o f t h e s e t . I f 
f o r a l l c o m p o n e n t s t h e d e g r e e o f m e m b e r s h i p i s 1 t h e n t h e 
p r o b l e m i s n o t f u z z y . B u t i f t h e d e g r e e o f m e m b e r s h i p i s 
b e t w e e n 0 a n d I t h e n f o r t h o s e c o m p o n e n t s w i t h a m e m b e r s h i p 
o f l e s s t h a n 1 t h e i r m e m b e r s h i p i s f u z z y . T h i s c o n c e p t o f 
t h e v a l i d i t y o f a p a r t i c u l a r v a l u e b e l o n g i n g t o a 
p a r t i c u l a r g r o u p o r s e t o f d a t a h a s l o n g c o n c e r n e d 
s t a t i s t i c i a n s . One m e t h o d o f e l i m i n a t i n g weak m e m b e r s o f a 
g r o u p ( o u t l i e r s ) i s k n o w n a s t h e D i x o n t e s t . ( 1 2 ) . T h e 
m e t h o d i s b a s e d on an a s s e s s m e n t o f t h e r a t i o o f t h e 
d i f f e r e n c e b e t w e e n t h e s u s p e c t v a l u e ( o u t l i e r ) a n d i t s 
n e a r e s t v a l u e and t h e d i f f e r e n c e b e t w e e n t h e s u s p e c t v a l u e 
a n d t h e m o s t r e m o t e v a l u e . 
V a r i o u s m e t h o d s e x i s t f o r m a s s a g i n g t h e f u z z y m e m b e r s o f a 
s e t . T h e o b j e c t b e i n g t o i m p r o v e t h e v e r a c i t y o f t h e 
m e m b e r s h i p a s a w h o l e . T h e m a i n m e t h o d s a r e : - 1. To 
c o n c e n t r a t e t h e f u z z y e l e m e n t s o f a s e t by r e d u c i n g t h e 
m e m b e r s h i p o f t h e s e t by e l i m i n a t i n g a l l m e m b e r s t h a t a r e 
o n l y p a r t l y i n t h e s e t . 2 . To d i l u t e t h e s e t by i n c r e a s i n g 
t h e m e m b e r s h i p o f t h e s e t by i n c l u d i n g t h o s e m e m b e r s t h a t 
a r e o n l y b a r e l y i n t h e s e t . 3 . To n o r m a l i z e m e m b e r s h i p o f 
t h e s e t s o t h a t a t l e a s t o n e m e m b e r h a s a d e g r e e o f 
m e m b e r s h i p o f 1. 4 . T h e s e t c a n be i n t e n s i f i e d t h a t i s 
i n c r e a s i n g t h e d e g r e e o f m e m b e r s h i p f o r t h e m e m b e r s t h a t 
h a v e a d e g r e e o f m e m b e r s h i p g r e a t e r t h a n 0 . 5 . 5. M e m b e r s h i p 
c a n be f u z z i f i e d t h i s i n c r e a s e s t h e d e g r e e o f m e m b e r s h i p o f 
members w i t h a n o n - z e r o d e g r e e o f m e m b e r s h i p . 
B e f o r e l o o k i n g i n d e t a i l a t t h e a p p l i c a t i o n o f F u z z y 
A n a l y s i s a t t e n t i o n i s d r a w n t o t h e f a c t t h a t e v e n 
s u p p o r t e r s o f F u z z y A n a l y s i s r e c o g n i s e t h a t w h a t c a n be 
e x p l a i n e d by f u z z y s u b s e t s c a n a l s o be e x p l a i n e d i n o t h e r 
w a y s . ( 1 3 ) One o f t h e i m p o r t a n t r o l e s s e e n f o r F u z z y 
A n a l y s i s i s t h e q u a n t i t a t i v e a n a l y s i s o f q u a l i t a t i v e 
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d e s c r i p t i o n s o f t h e s u b j e c t b e i n g s t u d i e d . 
M o v i n g now t o c o n s i d e r t h e h e l p t h a t F u z z y S e t T h e o r y c a n 
g i v e t o t h e a r t o f s t a t i s t i c a l i n f e r e n c e . S t a r t i n g f r o m 
t h e s t a t e m e n t o f s e t t h e o r y t h a t t h e c h a r a c t e r i s t i c 
f u n c t i o n o f a s e t d e f i n e s a l l t h e e l e m e n t s t h a t m a k e up t h e 
s e t . I t i s g e n e r a l i z a t i o n a b o u t t h e d e g r e e o f m e m b e r s h i p 
o f a s e t t h a t m a k e s up t h e v a r i a n t o f s e t t h e o r y k n o w n a s 
f u z z y s e t t h e o r y . I t i s s t a t e d t h a t t h e o r i g i n a t o r o f 
f u z z y s e t t h e o r y h a s d e s c r i b e d t h e a i m o f t h e t h e o r y a s 
b e i n g : " T h e d e v e l o p m e n t o f a m e t h o d o l o g y f o r t h e 
f o r m u l a t i o n and s o l u t i o n o f p r o b l e m s w h i c h a r e t o o c o m p l e x 
o r i l l - d e f i n e d t o b e s u s c e p t i b l e t o a n a l y s i s by 
c o n v e n t i o n a l t e c h n i q u e s " . ( 1 1 ) . 
I n f u z z y a n a l y s i s f o r e a c h c o m p o n e n t o f a s e t i t i s 
p o s s i b l e t o a s s i g n a d e g r e e o f m e m b e r s h i p o f t h e s e t . I f 
f o r a l l c o m p o n e n t s t h e d e g r e e o f m e m b e r s h i p i s 1 t h e n t h e 
p r o b l e m i s n o t f u z z y . B u t i f t h e d e g r e e o f m e m b e r s h i p i s 
b e t w e e n 0 and 1 t h e n f o r t h o s e c o m p o n e n t s w i t h a m e m b e r s h i p 
o f l e s s t h a n 1 t h e i r m e m b e r s h i p i s f u z z y . T h i s c o n c e p t o f 
t h e v a l i d i t y o f a p a r t i c u l a r v a l u e b e l o n g i n g t o a 
p a r t i c u l a r g r o u p o r s e t o f d a t a h a s l o n g c o n c e r n e d 
s t a t i s t i c i a n s . One m e t h o d o f e l i m i n a t i n g weak m e m b e r s o f a 
g r o u p ( o u t l i e r s ) i s k n o w n a s t h e D i x o n t e s t . ( 1 2 ) . T h e 
m e t h o d i s b a s e d on an a s s e s s m e n t o f t h e r a t i o o f t h e 
d i f f e r e n c e b e t w e e n t h e s u s p e c t v a l u e ( o u t l i e r ) a n d i t s 
n e a r e s t v a l u e a n d t h e d i f f e r e n c e b e t w e e n t h e s u s p e c t v a l u e 
and t h e m o s t r e m o t e v a l u e . 
V a r i o u s m e t h o d s e x i s t f o r m a s s a g i n g t h e f u z z y m e m b e r s o f a 
s e t . T h e o b j e c t b e i n g t o i m p r o v e t h e v e r a c i t y o f t h e 
m e m b e r s h i p a s a w h o l e . T h e m a i n m e t h o d s a r e : - 1. To 
c o n c e n t r a t e t h e f u z z y e l e m e n t s o f a s e t by r e d u c i n g t h e 
m e m b e r s h i p o f t h e s e t by e l i m i n a t i n g a l l m e m b e r s t h a t a r e 
o n l y p a r t l y i n t h e s e t . 2 . To d i l u t e t h e s e t by i n c r e a s i n g 
t h e m e m b e r s h i p o f t h e s e t by i n c l u d i n g t h o s e m e m b e r s t h a t 
a r e o n l y b a r e l y i n t h e s e t . 3 . To n o r m a l i z e m e m b e r s h i p o f 
t h e s e t s o t h a t a t l e a s t o n e m e m b e r h a s a d e g r e e o f 
m e m b e r s h i p o f 1. 4 . T h e s e t c a n be i n t e n s i f i e d . t h a t i s 
i n c r e a s i n g t h e d e g r e e o f m e m b e r s h i p f o r t h e m e m b e r s t h a t 
h a v e a d e g r e e o f m e m b e r s h i p g r e a t e r t h a n 0 . 5 . 5. M e m b e r s h i p 
c a n be f u z z i f i e d t h i s i n c r e a s e s t h e d e g r e e o f m e m b e r s h i p o f 
m e m b e r s w i t h a n o n - z e r o d e g r e e o f m e m b e r s h i p . 
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B e f o r e l o o k i n g i n d e t a i l a t t h e a p p l i c a t i o n o f F u z z y 
A n a l y s i s a t t e n t i o n i s d r a w n t o t h e f a c t t h a t e v e n 
s u p p o r t e r s o f F u z z y A n a l y s i s r e c o g n i s e t h a t w h a t c a n be 
e x p l a i n e d by f u z z y s u b s e t s c a n a l s o be e x p l a i n e d i n o t h e r 
w a y s . ( 1 3 ) One o f t h e i m p o r t a n t r o l e s s e e n f o r F u z z y 
A n a l y s i s i s t h e q u a n t i t a t i v e a n a l y s i s o f q u a l i t a t i v e 
s t a t e m e n t s s u c h a s ' l o w ' , ' s o m e w h a t l o w ' , ' m e d i u m ' a n d 
' f a i r l y h i g h ' . T h e e s s e n t i a l p r e l i m i n a r y s t e p i n t h e 
a n a l y s i s o f s y s t e m s o f c o m p a r a t i v e s t a t e m e n t s e x p r e s s e d i n 
n a t u r a l l a n g u a g e i s t o e s t a b l i s h a w a y o f r a n k i n g t h e i r 
m e a n i n g . S u c h a s t e p r e a l l y a m o u n t s t o g i v i n g a 
q u a l i t a t i v e s t a t e m e n t a q u a n t i t a t i v e s i g n i f i c a n c e . A 
s i m p l e d e s c r i p t i o n o f t h e k i n d o f r e l a t i o n s h i p t h a t c a n be 
e s t a b l i s h e d i s g i v e n i n T a b l e A 6 . 2 . I n a n a l y s i s o f r e a l 
s i t u a t i o n s t h e r e l a t i o n s h i p may be more c o m p l e x and i n v o l v e 
s e v e r a l l e v e l s o f a n a l y s i s . 
E x p l o i t a t i o n o f F u z z y A n a l y s i s f o r a s s e s s m e n t o f c o m p l e x 
s y s t e m s d o e s d e p e n d on t h e u s e o f a c o m p u t e r a n d f o r t h i s 
p u r p o s e s e v e r a l p r o g r a m s h a v e b e e n d e v e l o p e d i n c l u d i n g FRA 
a n d I P I R I S K . ( 1 4 ) E v e n t h o u g h i n t h e f u t u r e i t may o n l y be 
Q u a l i t a t i v e E x p r e s s i o n 
C e r t a i n 
Q u i t e P r o b a b l e 
P r o b a b l e 
I m p r o b a b l e 
I m p o s s i b l e 
F u z z i n e s s o r U n c e r t a i n t y 
1 
0 . 7 - 1 
0 . 4 - 0 . 7 
0 . 0 - 0 . 7 
0 . 0 
Table A6.2 Example of R e l a t i o n s h i p between Q u a l i t a t i v e 
E x p r e s s i o n s and Fuzzy Statements. 
n e c e s s a r y t o p r e s s a f e w k e y s on a c o m p u t e r k e y b o a r d t o 
c o m p l e t e a F u z z y A n a l y s i s i t i s s t i l l i m p o r t a n t t o 
u n d e r s t a n d t h e s i g n i f i c a n c e o f t h e m e t h o d . I t i s 
a p p r e c i a t e d t h a t i n t h e w o r l d o f c o n s u m e r p r o d u c t s F u z z y 
L o g i c h a s a l r e a d y b e e n p u t t o u s e i n m a k i n g TV s e t s 
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a u t o m a t i c a l l y i n c r e a s e t h e i r b r i g h t n e s s a s t h e room g r o w s 
d a r k e r a n d i n c r e a s e s t h e s o u n d v o l u m e when t h e v i e w e r moves 
f u r t h e r f r o m t h e s e t . ( 1 5 ) A l s o f u z z y - l o g i c v i d e o c a m e r a s 
h a v e b e e n m a d e t o c o r r e c t f o r s h a k e i n t h e a r m o f t h e 
o p e r a t o r s o t h a t an u n b l u r r e d p i c t u r e i s p r o d u c e d . ( 1 5 ) A t 
t h e h e a v i e r i n d u s t r i a l l e v e l f u z z y c o n t r o l s y s t e m s h a v e 
b e e n u s e d t o c o n t r o l f u r n a c e s f o r m a k i n g c e m e n t ( 1 6 ) , 
d e p a r t u r e o f s u b w a y t r a i n s and b a n k s o f e l e v a t o r s . ( 1 5 ) . 
S e v e r a l a t t e m p t s h a v e b e e n made t o a p p l y F u z z y A n a l y s i s to 
a s s e s s m e n t o f t h e a c c e p t a b i l i t y o f r i s k , t h e s e a t t e m p t s 
i n c l u d e r e f e r e n c e s 1 7 , 1 8 , 19 a n d 2 0 . I n r e f e r e n c e 17 an 
a s s e s s m e n t o f t h e a c c e p t a b i l i t y o f t w o m a j o r p l a n t s w a s 
m a d e , w h i c h w a s n o t q u i t e a c o m p l e t e F u z z y A n a l y s i s b u t 
u s e d a w e i g h t i n g i n d e x o f d i s t r i b u t i o n a n d d e g r e e o f 
c o m p l i a n c e . T h i s u n d e r l i n e s t h e p r o b l e m t h a t r u n s t h r o u g h 
a l l a p p l i c a t i o n s o f F u z z y A n a l y s i s t h a t h a v e to be b a s e d on 
g u e s s e d d a t a and p a t t e r n s . E s s e n t i a l l y i t i s o n l y when t h e 
d a t a a n d p a t t e r n s c a n be c o n f i r m e d t h a t c o n f i d e n c e c a n be 
e s t a b l i s h e d i n t h e c o n c l u s i o n s d e r i v e d f r o m t h e a n a l y s i s . 
I n d e c i s i o n m a k i n g t e r m s t h i s m e a n s c o n f i d e n c e i n t h e 
f i n d i n g s o f t h e a n a l y s i s c a n o n l y be e s t a b l i s h e d p o s t t h e 
d e c i s i o n a s t h e p r o j e c t p r o c e e d s a n d r e a l d a t a i s 
g e n e r a t e d . T h i s d i l e m m a i s a l w a y s p r e s e n t , to some e x t e n t , 
i n d e c i s i o n m a k i n g . 
I n r e f e r e n c e 18 P r e y s s l w a s m o r e s p e c i f i c i n h i s u s e o f 
" F u z z y R i s k " a n a l y s i s . I n h i s f i n d i n g s he s t r e s s e s t h a t 
F u z z y A n a l y s i s p r o d u c e s a g r a d e o f r e l a t i v e c o m p l i a n c e w i t h 
q u a n t i t a t i v e c r i t e r i a o f a c c e p t a b i l i t y . To i l l u s t r a t e h i s 
a n a l y s i s he p r e s e n t s t h e r e s u l t s o f a s t u d y s h o w i n g how t h e 
c h a n c e o f a m a j o r r e l e a s e o f r a d i o a c t i v i t y f r o m a T r i g a 
n u c l e a r r e a c t o r c a n be a s s e s s e d . C o m p l e t e d e t a i l s o f t h e 
p r o c e d u r e s u s e d w e r e n o t g i v e n . 
R e f e r e n c e 19 i s a p a r t i c u l a r l y i n t e r e s t i n g p a p e r a s i t 
s t a r t s f r o m t h e p r o b l e m s a s s o c i a t e d w i t h c o l l e c t i n g t h e 
d a t a t o be a n a l y s e d . I n t h i s c a s e t h e d a t a d e s c r i b e d 
a b n o r m a l o c c u r r e n c e s r e c o r d e d d u r i n g t h e o p e r a t i o n o f a 
s a m p l e o f 43 o f t h e w o r l d s m a j o r n u c l e a r p o w e r p l a n t s . The 
a i m s o f t h e s t u d y w e r e t o e x a m i n e t h e d a t a , t o i d e n t i f y t h e 
p a t t e r n o f a b n o r m a l o c c u r r e n c e s and t o e x a m i n e t h e d a t a t o 
s e e w h a t i n d i c a t i o n t h e y g a v e o f d e s i g n e r s a n d o p e r a t o r s 
l e a r n i n g f r o m e x p e r i e n c e . T h e r e p o r t s o f o c c u r r e n c e s o f t e n 
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e n t a i l e d i m p r e c i s e k n o w l e d g e a n d / o r i n c o m p l e t e o r a m b i g u o u s 
v e r b a l s t a t e m e n t s . By a s s i g n i n g a m e m b e r s h i p f u n c t i o n to 
e a c h p i e c e o f i n f o r m a t i o n , i t w a s p o s s i b l e t o make a f u z z y 
a n a l y s i s o f t h e d a t a . T h e a n a l y s i s p r o d u c e d a p o s s i b i l i t y 
o f r i s k y o p e r a t i o n f o r e a c h o f t h e r e a c t o r s i n t h e s a m p l e . 
I n t h e e x a m i n a t i o n o f t h e d a t a f o r a n y i n d i c a t i o n o f 
a b n o r m a l o c c u r r e n c e s b e i n g r e d u c e d by l e a r n i n g f r o m 
e x p e r i e n c e . P e r f e c t l e a r n i n g w a s c o n s i d e r e d t o be t h e 
s i t u a t i o n i n w h i c h t h e r e i s no r e p e a t o f a b n o r m a l 
o c c u r r e n c e s , a t t h e o t h e r e n d o f t h e s c a l e t h e r e i s z e r o 
l e a r n i n g . On t h i s b a s i s e a c h p i e c e o f i n f o r m a t i o n w a s 
a l l o c a t e d a d e g r e e o f m e m b e r s h i p o f t h e l e a r n i n g s e t . F r o m 
t h i s d a t a , u s i n g F u z z y a n a l y s i s m e t h o d s a v a l u e f o r t h e 
i n d e x o f l e a r n i n g w a s c a l c u l a t e d . T h i s i n d e x o f l e a r n i n g 
s h o w e d t h a t s o m e m o r e r e c e n t m o d e l s o f r e a c t o r h a d 
a p p a r e n t l y l e a r n t f r o m t h e e x p e r i e n c e f r o m e a r l i e r m o d e l s 
a n d s h o w e d a r e d u c t i o n i n a b n o r m a l o c c u r r e n c e s . 
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APPENDIX 7 
Summary of the World Bank 's G u i d e l i n e s on the use and 
s e l e c t i o n of c o n s u l t a n t s by borrowers 
T h e W o r l d Bank h a s i s s u e d G u i d e l i n e s t o b o r r o w e r s on w h a t 
t h e y c o n s i d e r i s g o o d p r a c t i c e i n t h e u s e o f c o n s u l t a n t s . 
( 1 ) T h e s e g u i d e l i n e s g i v e an i n s i g h t i n t o t h e way t h e bank 
c o n s i d e r s t e c h n i c a l c o m p e t e n c e o f s u p p l i e r s s h o u l d be 
j u d g e d . I n t h e G u i d e l i n e s t h e B a n k s t r e s s e s t h a t b e f o r e 
a n y p r o p o s a l s a r e i n v i t e d t h e b a n k m u s t a p p r o v e t h e 
e v a l u a t i o n c r i t e r i a i t i s p r o p o s e d t o u s e . F o r e v a l u a t i o n 
o f q u a l i f i c a t i o n s a n d c o m p e t e n c e t h e B a n k r e c o m m e n d s t h e 
e v a l u a t i o n i s b a s e d on t h r e e f a c t o r s w h i c h a r e : - g e n e r a l 
e x p e r i e n c e , w o r k p l a n a n d k e y p e r s o n n e l . E a c h f a c t o r i s 
w e i g h t e d on a s c a l e o f 1 t o 1 0 0 . I n t a b l e A 7 . 1 t h e 
w e i g h t i n g g i v e n t o e a c h f a c t o r a n d t h e f a i l a n d n o r m a l 
r a t i n g a r e s u m m a r i z e d . 
TABLE A7.1 Summary of Rat ings 
FACTOR SCORE 
( S C A L E 









F i r m s g e n e r a l 
e x p e r i e n c e a 0 -1 - 0 . 2 
Ty p i c a 1 0 . 1 5 a x O . 15 
Work p l a n b 0 . 2 5 - 0 . 4 
Ty p i c a 1 0 . 3 5 b x O . 3 5 
K e y p e r s o n n e l c 0 . 4 - 0 . 6 
T y p i c a l 0 . 5 c x O . 5 
E q u a t i o n f o r o v e r a l l r a t i n g r = a x 0 . 1 5 + b x O . 3 5 + c x O . 5 
I f r i s l e s s t h a n 60 t h e company w o u l d n o t be 
a c c e p t a b l e . The n o r m a l r a n g e f o r r i s 60 - 90 
2 3 2 
T h e p r e c i s e w e i g h t i n g f a c t o r u s e d i s d e t e r m i n e d by t h e 
a s s e s s o r on t h e b a s i s o f h i s j u d g e m e n t o f t h e s i g n i f i c a n c e 
o f t h e f a c t o r f o r e a c h p r o p o s a l . 
T h e e x t e n t t o w h i c h p r i c e i s u s e d a s a s e l e c t i o n f a c t o r 
d e p e n d s on c o m p a r a b i l i t y o f t h e o p t i o n s b e i n g c o n s i d e r e d . 
A l l o p t i o n s m a y n o t b e d i r e c t l y c o m p a r a b l e . I t i s 
r e c o m m e n d e d t h a t t h e p r i c e and t e c h n i c a l e v a l u a t i o n s o f a 
p r o p o s a l a r e c a r r i e d o u t i n d e p e n d e n t l y . T h e Bank d o e s n o t 
r e c o m m e n d a n y s p e c i f i c m e t h o d o r p r o c e d u r e f o r a s s e s s i n g 
t h e a c c e p t a b i l i t y o f a p r i c e . B u t c a u t i o n s t h a t 
c o n s i d e r a t i o n o f p r i c e s h o u l d n o t be a l l o w e d to u n d e r m i n e 
q u a l i t y . 
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a w i d e r a n g e o f s u p p l i e r s . 
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T h e w a y p r o p o s a l s f o r i n s u r a n c e o f t h e r i s k s a s s o c i a t e d 
w i t h c o m p u t e r s y s t e m s a r e a s s e s s e d v a r i e s f r o m i n s u r a n c e 
c o m p a n y t o i n s u r a n c e c o m p a n y . W i t h c o m p a n i e s w i t h o n l y a 
s m a l l p o r t f o l i o o f c o m p u t e r r i s k s t h e a s s e s s m e n t may be 
q u i t e s i m p l e . B u t t h e c o m p a n i e s t h a t a r e s p e c i a l i s t s i n 
c o m p u t e r a n d e l e c t r o n i c e q u i p m e n t i n s u r a n c e h a v e d e v i s e d 
q u i t e c o m p r e h e n s i v e a s s e s s m e n t p r o c e d u r e s a n d d e t a i l e d 
g u i d a n c e on g o o d p r a c t i c e t h a t p r o p o s e r s s h o u l d f o l l o w . 
T h e a s s e s s m e n t p r o c e d u r e s u s e d a r e b a s e d on r i s k a n a l y s i s 
p r o c e d u r e s t h a t a r e u s e d f o r t h e a n a l y s i s o f many c o m p l e x 
s y s t e m s s u c h a s : a e r o p l a n e s , w e a p o n s y s t e m s , n u c l e a r p o w e r 
p l a n t s o r c h e m i c a l p l a n t s . 
T h e f i r s t s t a g e i n a s s e s s i n g t h e a c c e p t a b i l i t y o f t h e 
c o m p u t e r s y s t e m i s t o r e v i e w t h e p h y s i c a l a r r a n g e m e n t s o f 
t h e s y s t e m . S u c h a r e v i e w a s s e s s e s t h e a d e q u a c y o f 
( 1 ) ( 2 ) : - t h e g e n e r a l m a n a g e m e n t o f t h e s y s t e m , f i r e 
p r o t e c t i o n , p r o t e c t i o n a g a i n s t w a t e r , p r o t e c t i o n a g a i n s t 
t e c h n i c a l f a u l t s , p r o t e c t i o n a g a i n s t c r i m i n a l a c t s , 
p r o t e c t i o n a g a i n s t e n v i r o n m e n t a l h a z a r d s a n d p r o t e c t i o n 
a g a i n s t o t h e r e x t e r n a l e f f e c t s . I n T a b l e A 8 . 1 t h e 
e s s e n t i a l q u e s t i o n s t h a t w o u l d be a s k e d u n d e r e a c h h e a d i n g 
a r e o u t l i n e d . D e t e r m i n i n g t h e a c c e p t a b i l i t y o f t h e a n s w e r s 
t o t h e q u e s t i o n s o u t l i n e d i n T a b l e A 8 . 1 i n v o l v e s a 
s y s t e m a t i c a n a l y s i s o f t h e s i g n i f i c a n c e o f t h e e v i d e n c e . 
T h e r e a l s o h a s t o be c o l l a b o r a t i o n w i t h t h e p r o p o s e r s o 
t h a t t h e p r o p o s e r h a s a n o p p o r t u n i t y t o m o d i f y h i s 
i n s t a l l a t i o n t o m a k e i t a c c e p t a b l e . T h e i t e r a t i v e 
a d j u s t m e n t o f a p r o p o s a l may a l s o be a s s o c i a t e d w i t h 
d i s c u s s i o n a b o u t t h e e x t e n t o f t h e c o v e r p r o v i d e d a n d t h e 
p r e m i u m r e q u i r e d . 
T h e a d e q u a c y o f t h e a r r a n g e m e n t s f o r d e a l i n g w i t h 
e m e r g e n c i e s ( l o s s o f u s e o f c o m p u t e r s y s t e m ) i s a n 
i m p o r t a n t s u b j e c t i n i t s o w n r i g h t b u t h a s s p e c i a l 
i m p o r t a n c e i n r e l a t i o n t o i n s u r a n c e . T h i s i m p o r t a n c e s t e m s 
f r o m t h e f a c t t h a t e f f e c t i v e e m e r g e n c y a r r a n g e m e n t s c a n 
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TABLE A8.1 Outline of Computer System Insurance Assessment Questions 
FEATURE TYPICAL QUESTIONS 
General Management I s the management of the system knowledgeable. 
I s t h e r e an a d e q u a t e s u p p l y of s p a r e p a r t s . 
Have e f f e c t i v e m a i n t e n a n c e p r o c e d u r e s been 
adopted. Have e f f e c t i v e arrangements been made 
f o r d e a l i n g wi th any emergency tha t may a r i s e . 
F i r e P r o t e c t i o n B u i l d i n g P r o v i s i o n s - I s the computer c e n t r e in 
a s e p a r a t e b u i l d i n g , i s f i r e r e s i s t a n t 
c o n s t r u c t i o n used , are c a b l e runs smoke proof , 
c a n a i r d u c t s be s h u t o f f a u t o m a t i c a l l y , 
p r o v i s i o n of emergency l i g h t i n g . 
O r g a n i z a t i o n a l C o n d i t i o n s - H a v e f i r e 
r e g u l a t i o n s been e s t a b l i s h e d , are f i r e d r i l l s 
c a r r i e d out r e g u l a r l y , a r e t h e r e f i r e p r o o f 
s a f e s fo r d a t a . 
F i r e A l a r m s / E x t i n g u i s h e r s - Does f i r e a l a r m 
system conform wi th na t iona l r e q u i r e m e n t s , i s a 
f i r e e x t i n g u i s h e r s y s t e m i n s t a l l e d , are there 
a p p r o p r i a t e por tab le e x t i n g u i s h e r s prov ided . 
P r o t e c t i o n a g a i n s t 
i n g r e s s of water 
P r o t e c t i o n a g a i n s t 
t e c h n i c a l f a u l t s 
Are there water p ipes in the v i c i n i t y of the 
computer room, i s there a r i s k of r i s i n g water 
from d r a i n s or f l o o d s , i s the roof water proof , 
i s there a water d e t e c t i o n system i n s t a l l e d . 
Can the a i r c o n d i t i o n i n g s y s t e m g i v e r i s e to 
j r o b l e m s s u c h as c o n t a m i n a t i o n or e x c e s s i v e 
l u m i d i t y . I s the main power s y s t e m r e l i a b l e . 
I s an emergency power system provided. I s the 
i n s t a l l a t i o n p ro tec ted a g a i n s t l i g h t n i n g , over -
v o l t a g e and d i s c h a r g e s of s t a t i c e l e c t r i c i t y . 
P r o t e c t i o n a g a i n s t 
c r i m i n a l a c t s 
Are w a l l , c e i l i n g s , windows and doors of an 
a n t i - i n t r u d e r d e s i g n . I s a c c e s s c o n t r o l l e d . 
Are there p a r t s of the b u i l d i n g which cannot be 
monitored by t e l e v i s i o n . 
P r o t e c t i o n a q a i n s t 
environmental hazard 
Are there e x t e r n a l v i b r a t i o n s tha t can harm the 
i n s t a l l a t i o n , are there i n t e n s e e l e c t r i c f i e l d s 
t h a t c a n harm the i n s t a l l a t i o n . Are t h e r e 
r i s k s o f e x p l o s i o n s or r e l e a s e o f h a r m f u l 
c h e m i c a l s in the a rea . 
P r o t e c t i o n a g a i n s t 
o ther e x t e r n a l 
e f f e c t s 
I s the i n s t a l l a t i o n r e s i s t a n t to storm damge, 
ear thquakes . I s the i n s t a l l a t i o n on a f l i g h t 
pa th . 
2 3 5 
h e l p r e d u c e t h e l o s s e s t h a t a r i s e i f an e m e r g e n c y s i t u a t i o n 
o c c u r s . 
A f t e r a s e v e r e a c c i d e n t t o a c o m p l e x i n s t a l l a t i o n i t may be 
i m p o r t a n t t o g e t t h e s y s t e m o p e r a t i n g a g a i n a s s o o n a s 
p o s s i b l e , t o p r e v e n t l o s s e s b u i l d i n g u p . I f s t a n d b y 
a r r a n g e m e n t s a r e a d e q u a t e s u c h l o s s e s w i l l be m i n i m i z e d . 
H o w e v e r , t h e r e c a n s t i l l be h i g h r e p l a c e m e n t c o s t s f o r t h e 
i n s u r e r t o b e a r . T h e s e c o s t s c a n b e r e d u c e d i f t h e 
e q u i p m e n t c a n be r e s t o r e d . One s p e c i a l i s t i n s u r e r h a s 
e s t a b l i s h e d a c o m p a n y t o p r o v i d e a c o m p u t e r s y s t e m 
r e s t o r a t i o n s e r v i c e . The c o m p a n y h a s b r a n c h e s i n G e r m a n y , 
U S A , S w i t z e r l a n d , A u s t r i a , F r a n c e , I t a l y , S p a i n , A u s t r a l i a 
a n d t h e N e t h e r l a n d s . E x p e r i e n c e h a s s h o w n t h a t r e s t o r i n g 
r a t h e r t h a n r e p l a c i n g d a m a g e d e q u i p m e n t c a n r e d u c e d i r e c t 
l o s s e s b o r n e by t h e i n s u r e r by 80%. F o r t h e i n s u r a n c e 
i n d u s t r y t o e s t a b l i s h a r e s t o r a t i o n s e r v i c e t o r e d u c e t h e 
l o s s e s a s s o c i a t e d w i t h a p a r t i c u l a r a c t i v i t y i s u n u s u a l , 
b u t t h e b e n e f i t i n t h i s s p e c i f i c c a s e i s c l e a r . 
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B e f o r e a n y a t t e m p t c a n be m a d e t o q u a n t i f y t h e c o s t s a n d 
b e n e f i t s o f a p a r t i c u l a r p r o j e c t t h e n a t u r e o f t h e c o s t s 
a n d b e n e f i t s r e l e v a n t t o t h a t p r o j e c t m u s t be d e t e r m i n e d . 
T h e f i r s t s t e p i n s u c h a n a l y s i s i s d e t e r m i n i n g t h e p o i n t o f 
v i e w f r o m w h i c h p r o f i t a b i l i t y h a s t o be j u d g e d . C l e a r l y 
t h e a c c e p t a b i l i t y o f a p r o p o s a l t o b u i l d a c a r f a c t o r y w i l l 
b e j u d g e d i n d i f f e r e n t t e r m s t o a p r o p o s a l t o i n c r e a s e 
w e l f a r e p a y m e n t s . No m a t t e r w h a t t y p e o f p r o j e c t i s 
c o n s i d e r e d some a l l o w a n c e w i l l h a v e t o be made f o r t h e l i f e 
o f a p r o j e c t . W i t h a p r o j e c t o f an e n g i n e e r i n g n a t u r e 
d e t e r m i n a t i o n o f t h e a p p r o p r i a t e l i f e may be r e l a t i v e l y 
e a s y t o d e f i n e a s i t c a n be r e l a t e d t o t h e w e a r - o u t o f t h e 
v a r i o u s c o m p o n e n t s , b u t w i t h s o c i a l p r o j e c t s d e t e r m i n a t i o n 
o f t h e a p p r o p r i a t e l i f e , i f t h e r e i s o n e , may b e s o m e w h a t 
d i f f i c u l t . 
I n p u r e l y f i n a n c i a l t e r m s b e n e f i t s h a v e t o be a s s e s s e d on 
t h e b a s i s o f t h e t o t a l o f d i r e c t and i n d i r e c t r e v e n u e s o v e r 
t h e l i f e o f t h e p r o j e c t . S o m e t i m e s r u n n i n g c o s t s a r e 
d e d u c t e d f r o m r e v e n u e t o g i v e a f i g u r e f o r t o t a l n e t 
r e v e n u e a n d t o t a l c o s t s a r e c o n s i d e r e d a s o n l y c a p i t a l 
c o s t s . I t m a k e s v e r y l i t t l e d i f f e r e n c e t o t h e u s e f u l n e s s 
o f t h e a n a l y s i s , p r o v i d e d t h e c a l c u l a t i o n s a r e p e r f o r m e d i n 
a c o n s i s t e n t m a n n e r and a l l t h e c o s t s and a l l r e v e n u e s a r e 
i n c l u d e d . T h e d e f i n i t i o n o f t h e c o s t s a n d r e v e n u e s t h a t 
s h o u l d be i n c l u d e d i s r e t u r n e d to l a t e r . The e c o n o m i c l i f e 
a s o p p o s e d t o t h e w e a r o u t l i f e o f a t e c h n i c a l p r o j e c t i s 
q u i t e h a r d t o p r e d i c t . T h e r a p i d d e v e l o p m e n t s i n 
t e c h n o l o g y h a v e s h o r t e n e d t h e u s e f u l l i f e o f many c o m p l e x 
s y s t e m s . O r g a n i s a t i o n s h a v e t o c h a n g e t h e i r e q u i p m e n t 
f r e q u e n t l y j u s t t o k e e p up w i t h t h e c o m p e t i t i o n . F o r 
e x a m p l e c o m p u t e r s , c a r s , a u t o m a t e d s y s t e m s a n d 
c o m m u n i c a t i o n s y s t e m s u n d e r g o f a i r l y r a p i d c h a n g e . Of 
c o u r s e t h e l o w e r t h e d i s c o u n t r a t e c o n s i d e r e d t h e m o r e 
s e n s i t i v e w i l l b e t h e a n a l y s i s t o t h e l e n g t h o f e c o n o m i c 
l i f e c o n s i d e r e d . D i s c o u n t i n g i s a w a y o f s i m p l i f y i n g t h e 
a n a l y s i s o f t h e v a l u e o f a s t r e a m o f p a y m e n t s t o a c o m m o n 
b a s e s o t h a t t h e v a r i o u s o p t i o n s a r e e a s i e r t o c o m p a r e . 
T h e p r e s e n t v a l u e Pg o f a s t r e a m o f p a y m e n t s i s e q u a l t o : -
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P l / ( l + r ) l + P 2 / ( l + r ) 2 + P j / { l + r ) ^ 
o r more b r i e f l y P Q = ^ 
w h e r e P Q i s t h e p r e s e n t v a l u e o f a s t r e a m o f p a y m e n t s P j , 
P2 P j a r i s i n g i n y e a r s 1 t o T a n d r i s t h e d i s c o u n t 
r a t e . I n t h e e q u a t i o n r i s a s s u m e d t o be c o n s t a n t o v e r t h e 
p e r i o d c o n s i d e r e d . I n t h e r e a l w o r l d r may v a r y o v e r t i m e , 
a s t h e r a t e u s e d i n t h e p r i v a t e s e c t o r i s n o r m a l l y t h e r a t e 
a t w h i c h bank l o a n s a r e a v a i l a b l e . I n t h e p u b l i c s e c t o r t h e 
d i s c o u n t r a t e may be s e t by some c e n t r a l p o l i c y b o d y . T h i s 
v a r i a t i o n i n t h e b a s i s f o r d e t e r m i n i n g d i s c o u n t r a t e s 
u n d e r l i n e s o n e p r o b l e m i n c o m p a r i n g p r i v a t e s e c t o r a n d 
p u b l i c s e c t o r p r o j e c t s . 
F o r d e c i s i o n m a k i n g p u r p o s e s i t i s s o m e t i m e s h e l p f u l t o 
c o n s i d e r t h e N e t P r e s e n t V a l u e ( N P V ) o r N e t P r e s e n t W o r t h 
( N P W ) a s i t i s s o m e t i m e s c a l l e d , a s t h e b a s i s f o r 
d e t e r m i n i n g t h e r e l a t i v e m e r i t s o f t h e o p t i o n s a v a i l a b l e . 
NPW o r NPV a r e t h e sum o v e r t h e l i f e t i m e o f a p r o j e c t o f 
t h e d i s c o u n t e d ( b e n e f i t s - c o s t s ) a p r o j e c t may be c o n s i d e r e d 
a c c e p t a b l e i f NPV > 0 . I f s e v e r a l o p t i o n s h a v e t o be 
c o n s i d e r e d t h e m o s t a c c e p t a b l e one w i l l be t h e one t h a t h a s 
an NPV w h i c h i s m o r e a b o v e 0 t h a n t h e o t h e r s . 
I f t h e r e i s e x p e c t e d t o be i n f l a t i o n d u r i n g t h e l i f e o f t h e 
p r o j e c t t h e d i s c o u n t r a t e h a s t o be m o d i f i e d t o m a k e 
a l l o w a n c e f o r t h e r a t e o f i n f l a t i o n . 
A v a r i a t i o n o f t h e NPV t h a t i s s o m e t i m e s u s e d i s t h e 
I n t e r n a l R a t e o f R e t u r n ( I R R ) . T h e I R R i s t h e d i s c o u n t 
r a t e r e q u i r e d t o make t h e NPV e q u a l t o z e r o . U s i n g t h e IRR 
t h e c r i t e r i o n f o r m i n i m u m a c c e p t a b i l i t y o f a p r o j e c t i s 
t h a t t h e I R R s h o u l d be g r e a t e r t h a n t h e r a t e u s e d f o r 
d e t e r m i n i n g t h e c o s t o f t h e c a p i t a l r e q u i r e d . O n e 
a d v a n t a g e c l a i m e d f o r u s i n g t h e I R R i s t h a t i t e l i m i n a t e s 
t h e n e e d f o r c h o o s i n g a d i s c o u n t r a t e , ( 1 ) H o w e v e r , i n 
p r a c t i c e t o m a k e t h e a n a l y s i s s o m e k n o w l e d g e o f t h e 
d i s c o u n t r a t e i s r e q u i r e d . P r o v i d e d t h a t t h e p r o p o s e r s o r 
p l a n n e r s h a v e s e t t h e d i s c o u n t r a t e c o r r e c t l y , s o t h a t i t 
p r o p e r l y r e f l e c t s t h e n e e d t o c o n t r o l t h e d i s t r i b u t i o n o f 
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c a p i t a l , t h e n t h e NPV a p p r o a c h i s p r e f e r r e d . 
O t h e r c r i t e r i a f o r a s s e s s i n g t h e a c c e p t a b i l i t y o f c o m p e t i n g 
p r o p o s a l s a r e : t h e p a y b a c k p e r i o d , o u t p u t c a p i t a l r a t i o and 
p r e s e n t v a l u e o v e r c a p i t a l r a t i o . W i t h t h e p a y b a c k p e r i o d 
c r i t e r i o n t h e m o s t a c c e p t a b l e p r o j e c t i s t h e o n e w i t h t h e 
s h o r t e s t p e r i o d f o r c a p i t a l r e p a y m e n t . One c r i t i c i s m o f 
t h i s m e t h o d i s t h a t i t i g n o r e s t h e s i g n i f i c a n c e o f t h e 
b e n e f i t s t h a t may o c c u r a f t e r p a y b a c k i s c o m p l e t e . F o r t h e 
p r e s e n t v a l u e ( P V ) o v e r c a p i t a l ( K ) r a t i o a p p r o a c h p r o j e c t s 
t h a t p r o d u c e a v a l u e o f P V / K g r e a t e r t h a n 1 a r e a c c e p t a b l e . 
A l l p r o j e c t s p a s s e d by t h e NPV > 0 c r i t e r i o n w o u l d a l s o be 
p a s s e d by t h e P V / K c r i t e r i o n . 
T h e f i g u r e s u s e d i n t h e m e t h o d s o f a n a l y s i s j u s t m e n t i o n e d 
w i l l n o t be a b s o l u t e v a l u e s , t h e r e m u s t be some u n c e r t a i n t y 
a s s o c i a t e d w i t h t h e m . P r o v i d e d e v , e r y c o s t a n d e v e r y 
b e n e f i t i s t a k e n i n t o a c c o u n t . T h e s i g n i f i c a n c e o f t h e 
u n c e r t a i n t y c a n be a s s e s s e d by c a l c u l a t i n g t h e p a r a m e t e r s 
u s i n g d a t a f r o m t h e u p p e r a n d l o w e r e n d s o f t h e r a n g e o f 
u n c e r t a i n t y . I f some c o s t s and b e n e f i t s a r e o m i t t e d f r o m 
t h e c a l c u l a t i o n t h e r a n g e o f u n c e r t a i n t y w i l l be g r e a t e r . 
T h e r e s u l t s o f s u c h c a l c u l a t i o n a l l o w t w o o t h e r c r i t e r i o n , 
w h i c h a r e k n o w n a s t h e m a x i m i n r e t u r n s a n d t h e m i n i m a x -
r e g r e t t o be u s e d t o d e t e r m i n e t h e a c c e p t a b i l i t y o f a 
p r o p o s a l . T h e m a x i m i n r e t u r n c r i t e r i a r e q u i r e s t h e o p t i o n 
a d o p t e d t o be t h e one w i t h t h e l a r g e s t m i n i m u m r e t u r n . I n 
o t h e r w o r d s t h e p r o p o s a l t h a t s h o u l d be a c c e p t e d i s t h e o n e 
t h a t a p p e a r s t o g i v e t h e h i g h e s t r e t u r n e v e n when t h e m o s t 
a d v e r s e d a t a i s u s e d t o c a l c u l a t e t h e r e t u r n . The m i n i m a x -
r e g r e t c r i t e r i o n d e f i n e s t h e m o s t a c c e p t a b l e p r o j e c t a s t h e 
o n e w h i c h w o u l d i n v o l v e t h e g r e a t e s t l o s s o f g a i n i f i t w a s 
g i v e n u p . T h e a s s u m p t i o n i m p l i c i t i n m a k i n g s u c h 
a s s e s s m e n t b e i n g t h a t t h e d a t a u s e d i n m a k i n g t h e 
c a l c u l a t i o n f o r e a c h o p t i o n h a v e e q u a l d e g r e e s o f 
u n c e r t a i n t y a s s o c i a t e d w i t h t h e m . 
A m o r e s p e c i f i c m e t h o d f o r a s s e s s m e n t o f p u b l i c s e c t o r 
i n v e s t m e n t i s k n o w n a s t h e s o c i a l c o s t - b e n e f i t a n a l y s i s 
( S C B A ) , w h i c h h a s b e e n u s e d t o a s s e s s p u b l i c s e c t o r 
i n v e s t m e n t i n t h e t h i r d w o r l d . ( 2 ) T h e b a s i s o f t h e 
c o m p a r i s o n o f i n v e s t m e n t o p t i o n s w o u l d be t o c a l c u l a t e t h e 
n e t b e n e f i t ( N B ) on t h e b a s i s o f t h e r e s u l t i n g e x p o r t s X , 
i m p o r t s M and d o m e s t i c i n p u t s D. 
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t h e n NB = X - M - D w h e r e X , M a n d D a r e v a l u e d i n 
c o n s i s t e n t c u r r e n c y 
F o r a p r o p o s a l t o b e a c c e p t a b l e NB w o u l d h a v e t o b e 
g r e a t e r t h a n 0 . I f s e v e r a l o p t i o n s h a v e t o b e c o n s i d e r e d 
t h e o p t i o n t h a t w o u l d be m o s t a c c e p t a b l e w o u l d be t h e o n e 
t h a t s h o w e d t h e g r e a t e s t NB. The p r o b l e m s a s s o c i a t e d w i t h 
a s s e s s i n g t h e a c c e p t a b i l i t y o f i n v e s t m e n t p r o p o s a l s i n 
t h i r d w o r l d c o u n t r i e s a r e : 
1 . D o u b t s a b o u t t h e s t a b i l i t y o f t h e e x c h a n g e r a t e 
2 . R e l i a b l e a s s e s s m e n t o f t h e i m p a c t o f p r o t e c t i v e 
p r a c t i c e s s u c h a s : t a r i f f s , q u o t a r e s t r i c t i o n s a n d 
s u b s i d i e s . 
3 . A v a i l a b i l i t y o f l a b o u r w i t h a p p r o p r i a t e s k i l l s . 
4 . A v a i l a b i l i t y o f a l l t h e r e q u i r e d s u p p o r t s e r v i c e s . 
T h e l i s t o f a s s o c i a t e d p r o b l e m s s h o w s how u s i n g X , M and D 
i n t h e s i m p l e way s h o w n a b o v e may be m i s l e a d i n g u n l e s s i n 
t h e i r c a l c u l a t i o n t h e p r o b l e m f a c t o r s a r e e f f e c t i v e l y d e a l t 
w i t h i n a c o n s i s t e n t w a y . A l t e r n a t i v e l y , b u t n o t s o 
a c c u r a t e l y , w e i g h t i n g f a c t o r s may be u s e d to t a k e a c c o u n t 
o f e a c h p r o b l e m f a c t o r . S u c h w e i g h t i n g f a c t o r s m a y 
i n t r o d u c e m o r e p r o b l e m s p a r t i c u l a r l y i f t h e y a r e d e r i v e d 
s u b j e c t i v e l y . 
A s s u m i n g t h a t t h e w e i g h t i n g f a c t o r s c a n be u s e d w i t h 
c o n f i d e n c e t h e n e t b e n e f i t e q u a t i o n c o u l d be w r i t t e n a s 
f o l 1 o w s : -
NB = a ( b c d X - bM - c d D ) 
Where a i s t h e w e i g h t i n g f a c t o r f o r e x c h a n g e r a t e 
s t a b i 1 i t y 
b i s t h e w e i g h t i n g f a c t o r f o r i m p a c t o f p r o t e c t i v e 
p r a c t i c e s 
c i s t h e w e i g h t i n g f a c t o r f o r l a b o u r a v a i l a b i l i t y 
d i s t h e w e i g h t i n g f a c t o r f o r a d e q u a c y o f s u p p o r t 
s e r v i c e s . 
T h e a b o v e e q u a t i o n g i v e s a h i n t o f t h e s i g n i f i c a n c e o f t h e 
e f f i c i e n c y o f p r i c i n g w h i c h h a s t o b e c o n s i d e r e d i n 
e c o n o m i c c o s t - b e n e f i t a n a l y s i s ( E C B A ) . B u t t h a t i s n o t t h e 
o n l y f e a t u r e t h a t h a s t o be c o n s i d e r e d i n a s s e s s i n g t h e 
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e c o n o m i c a c c e p t a b i l i t y o f p r o j e c t s i n t h e p u b l i c s e c t o r . 
I t i s s o m e t i m e s c o n v e n i e n t t o c o n s i d e r p r o j e c t s f r o m t h r e e 
a s p e c t s w h i c h a r e : -
1 . F i n a n c i a l p r o f i t a b i l i t y - m e a s u r e d a t m a r k e t 
p r i c e s 
2 . E c o n o m i c p r o f i t a b i l i t y - m e a s u r e d a t e f f i c i e n c y 
p r i c e s 
3 . S o c i a l p r o f i t a b i l i t y - m e a s u r e d a t s o c i a l p r i c e s 
To e v a l u a t e a p a r t i c u l a r p r o j e c t f o r w h i c h t h e f i n a l o u t p u t 
c a n n o t be m e a s u r e d d i r e c t l y i n m a r k e t p r i c e t e r m s , b e c a u s e 
t h e o u t p u t i s i n t h e f o r m o f s o m e n o n - t r a d e d g o o d , t h e 
c o m p o s i t i o n o f t h e c o s t s i n v o l v e d s h o u l d a s f a r a s p o s s i b l e 
be b r o k e n d o w n i n t o i t s c o n s t i t u e n t c o m p o n e n t s s u c h a s 
t r a d e d g o o d s , s e r v i c e s a n d l a b o u r . E v e n w h e n t h e 
c o m p o n e n t s a r e i d e n t i f i e d t h e r e may be p r o b l e m s i n p r i c i n g 
t h e m a s some may h a v e no t r a d e d p r i c e a n a l o g u e . C o m p o n e n t s 
may b e t r a d e d , b u t n o t on i n t e r n a t i o n a l m a r k e t s , f o r 
e x a m p l e a m a c h i n e may be m a d e f o r a v e r y s p e c i f i c l o c a l 
d u t y t h a t i s n o t f o u n d a n y w h e r e e l s e a n d l a b o u r may be s o 
u n s k i l l e d a n d l a c k i n g i n e d u c a t i o n t h a t i t c a n n o t be u s e d 
e l s e w h e r e . A m e t h o d o f c o n v e r t i n g m a r k e t p r i c e s i n t o 
e c o n o m i c o r s o c i a l p r i c e s i s s o m e t i m e s a c c o m p l i s h e d u s i n g 
' a c c o u n t i n g r a t i o s ' ( A R s ) . V a r i o u s c o n v e n t i o n s h a v e b e e n 
p r o p o s e d f o r m a k i n g s u c h c o n v e r s i o n s : s o m e j u s t c o n s i d e r 
t h e c o n v e r s i o n s f o r s i n g l e g o o d s , o t h e r s a d o p t an a v e r a g e 
c o n v e r s i o n f a c t o r s f o r a g r o u p o f f a c t o r s . T h e s e 
v a r i a t i o n s i n c o n v e n t i o n s t o g e t h e r w i t h t h e v a r i a t i o n s i n 
e x c h a n g e r a t e s , p r i c e s a n d t a x e s a l l u n d e r l i n e t h e 
m a g n i t u d e o f u n c e r t a i n t i e s t h a t h a v e t o be a l l o w e d f o r i n 
m a k i n g an a s s e s s m e n t o f t h e a c c e p t a b i l i t y o f a p r o j e c t . 
P u b l i c e x p e n d i t u r e c a n s o m e t i m e s be m e a s u r e d i n t e r m s o f 
s o c i a l o p p o r t u n i t y c o s t . T h e r a t e s o f r e t u r n i n p r i v a t e 
i n d u s t r y o r w e i g h t e d a v e r a g e i n t e r e s t r a t e s b e i n g u s e d a s 
t h e b a s i s f o r c o m p a r a t i v e e v a l u a t i o n o f t h e s o c i a l 
o p p o r t u n i t y c o s t . W h e r e t h e d i s c o u n t r a t e u s e d c a n n o t be 
t a k e n a s an e q u i l i b r i u m r a t e , t h a t i s a r a t e t h a t w o u l d 
l e a d t o t h e o p t i m u m a l l o c a t i o n o f r e s o u r c e s , an a l t e r n a t i v e 
m e a s u r e l i k e P V / K o r N P V / K , may be u s e d t o m e a s u r e t h e 
e f f i c i e n c y o f r e s o u r c e u s e . Where NPV = n e t p r e s e n t v a l u e , 
PV = p r e s e n t v a l u e and K = c a p i t a l . 
I n a s s e s s i n g t h e i m p l i c a t i o n s o f s o c i a l p r i c i n g 
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c o n s i d e r a t i o n h a s t o be g i v e n t o t h e w e i g h t i n g t h a t s h o u l d 
be a d o p t e d t o a l l o w f o r d i s t r i b u t i o n o f b e n e f i t s t h a t , a s a 
r e s u l t o f t h e p r o j e c t b e i n g c o n s i d e r e d , w o u l d go o u t s i d e 
t h e p r o j e c t c o u n t r y . An e g a l i t a r i a n v i e w t h a t a l l b e n e f i t s 
a r e e q u a l , no m a t t e r w h e r e t h e y a r i s e , i s n o t e n t i r e l y 
s a t i s f a c t o r y w h e n a p r o j e c t i s b e i n g a s s e s s e d i n t e r m s o f 
t h e b e n e f i t i t w i l l g i v e t o t h e c o u n t r y i n w h i c h i t w i l l 
r e s i d e . W e i g h t i n g o f t h e i m p o r t a n c e o f a p r o j e c t a l s o h a s 
t o be c o n s i d e r e d f o r t h e t i m e w h e n b e n e f i t s a r i s e , i t i s 
p o s s i b l e m o r e v a l u e may be a t t r i b u t e d t o b e n e f i t s t h a t 
a r i s e i n t h e i m m e d i a t e f u t u r e t h a n t h o s e t h a t w i l l a r i s e a 
l o n g t i m e i n t o t h e f u t u r e . When p r o j e c t o p t i o n s a i m e d a t 
s a t i s f y i n g t h e s a m e s p e c i f i c a t i o n , a r e b e i n g c o m p a r e d t h e 
t i m e when t h e b e n e f i t s w i l l a r i s e s h o u l d be e s s e n t i a l l y t h e 
s a m e . H o w e v e r , i f d i f f e r e n t t y p e s o f p r o j e c t s a r e a l l 
c o m p e t i n g f o r t h e s a m e b l o c k o f money t h e n t h e s i g n i f i c a n c e 
o f t h e t i m e d i s t r i b u t i o n o f b e n e f i t s h a s t o be w e i g h t e d . 
T h e s p e c i f i c a t i o n o f w e i g h t s h a s i n s o m e w a y t o r e f l e c t 
w h a t i s t h e d e s i r e d d i s t r i b u t i o n o f b e n e f i t s . The d e s i r e d 
d i s t r i b u t i o n m a y b e q u i t e d i f f e r e n t t o t h e p r e s e n t 
d i s t r i b u t i o n a n d i t may be s k e w e d i n f a v o u r o f a p a r t i c u l a r 
s e c t i o n o f t h e p o p u l a t i o n . W h a t e v e r t h e d i s t r i b u t i o n t h a t 
i s d e c i d e d upon i t m u s t be d e f e n s i b l e b o t h i n t e r m s o f t h e 
e v i d e n c e i t i s b a s e d on a n d i t s a p p r o p r i a t e n e s s t o t h e 
p e o p l e who w i l l be e x p o s e d t o t h e p r o j e c t . F o r e x a m p l e , i f 
i t i s e x p e c t e d t h a t c o n s u m p t i o n i s t o h a v e an o p t i m u m v a l u e 
N. T h e n f o l l o w i n g t h e r u l e s o f d i m i n i s h i n g m a r g i n a l 
u t i l i t y o f e x t r a c o n s u m p t i o n , i f o n l y l o w e r c o n s u m p t i o n i s 
p o s s i b l e i t w o u l d h a v e a m a r g i n a l l y h i g h e r v a l u e N2 and i f 
o n l y h i g h e r c o n s u m p t i o n w a s p o s s i b l e i t w o u l d h a v e a 
m a r g i n a l l y l o w e r v a l u e F o r s u c h a p a t t e r n o f b e n e f i t s 
a j u s t i f i a b l e s y s t e m o f w e i g h t i n g c o u l d be f o r c o n s u m p t i o n 
l e v e l N w e i g h t i n g w o u l d be 1 , f o r c o n s u m p t i o n l e v e l Nj 
w e i g h t i n g w o u l d be g r e a t e r t h a n 1 and f o r c o n s u m p t i o n l e v e l 
N2 w e i g h t i n g w o u l d be l e s s t h a n 1. E x a c t l y how m u c h t h e 
w e i g h t i n g s o f a n d N2 w o u l d be a b o v e a n d b e l o w 1 w o u l d 
d e p e n d on t h e d e t a i l s o f e a c h s p e c i f i c c a s e . 
I f a p r o j e c t i s a i m e d a t p r o d u c i n g m a j o r s t r u c t u r a l c h a n g e s 
i n t h e p a t t e r n o f a p a r t i c u l a r c o u n t r y ' s e c o n o m y , o r a 
c o m p a n y ' s s t r u c t u r e , t h e n i t w o u l d be a p p r o p r i a t e t o w e i g h t 
t h e v a r i o u s o p t i o n s a c c o r d i n g t o t h e l i k e l i h o o d t h a t t h e y 
w o u l d p r o d u c e t h e r e q u i r e d c h a n g e s . I t c a n be a p p r e c i a t e d 
t h a t f o r p r o p o s a l s t h a t m a k e a p o s i t i v e c o n t r i b u t i o n t o 
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a c h i e v i n g t h e r e q u i r e d s t r u c t u r a l c h a n g e w o u l d be g i v e n a 
w e i g h t i n g t h a t w o u l d i n c r e a s e t h e i r a c c e p t a b i l i t y . 
P r o p o s a l s t h a t w o u l d m a k e a n e g a t i v e c o n t r i b u t i o n t o 
a c h i e v i n g t h e r e q u i r e d s t r u c t u r a l c h a n g e w o u l d be g i v e n 
w e i g h t i n g t h a t w o u l d r e d u c e t h e i r a c c e p t a b i l i t y . 
Q u a n t i f y i n g s u c h w e i g h t i n g s w o u l d i n v o l v e a c o n s i d e r a b l e 
a m o u n t o f j u d g e m e n t , w h i c h w o u l d h a v e a l a r g e s u b j e c t i v e 
c o m p o n e n t a n d i n v o l v e a c o n s i d e r a b l e a m o u n t o f p o l i c y 
m a k i n g . 
An i n t e r e s t i n g e x a m p l e o f t h e a p p l i c a t i o n o f C o s t - B e n e f i t 
A n a l y s i s t h a t i l l u s t r a t e s some o f t h e p o i n t s made a b o v e h a s 
b e e n g i v e n by B r u s e r . ( 3 ) He a p p l i e d C o s t B e n e f i t A n a l y s i s 
t o t h e p r o b l e m o f a s s e s s i n g t h e a c c e p t a b i l i t y o f v a r i o u s 
p r o p o s a l s f o r r o a d i m p r o v e m e n t s i n A f r i c a - C a r i b b e a n - P a c i f i c 
ACP c o u n t r i e s . T h e c r i t e r i o n a d o p t e d w a s t h a t i f t h e v a l u e 
o f t h e d i s c o u n t e d i n v e s t m e n t c o s t s f o r a p r o j e c t i s l o w e r 
t h a n t h e v a l u e o f t h e d i s c o u n t e d r o a d u s e r s a v i n g s ( R U S ) , 
t h e n t h e a c c e p t a n c e o f t h e p r o j e c t on e c o n o m i c g r o u n d s i s 
j u s t i f i e d . T h i s c r i t e r i a c a n be e x p r e s s e d m a t h e m a t i c a l l y 
a s : -
^ \ [ I ( a ^ ) ] [ l + i ] - t < Y t t R U S ( a ^ ) ] [ l + i ] - t 
Where t = p e r i o d u n d e r c o n s i d e r a t i o n 
( t y p i c a l l y 15 t o 20 y e a r s f o r r o a d 
p r o j e c t s ) 
1 ( a ) = i n v e s t m e n t c o s t s f o r p r o j e c t ' a ' 
R U S ( a ) = r o a d u s e r s a v i n g s r e s u l t i n g f r o m 
p r o j e c t ' a ' , RUS = ( t h e v e h i c l e 
o p e r a t i n g c o s t s on t h e p r e s e n t 
r o a d ) - ( v e h i c l e o p e r a t i n g c o s t s on 
t h e r o a d i m p r o v e d buy t h e p r o p o s e d 
p r o j e c t ) 
i = D i s c o u n t i n g ( o r i n t e r e s t ) a 
d i s c o u n t r a t e o f 12% h a s b e e n u s e d 
on some o f t h e p r o j e c t s c o n s i d e r e d 
B r u s e r s t r e s s e s t h a t i t i s i m p o r t a n t t h a t a l l p o t e n t i a l 
p r o j e c t s a r e a s s e s s e d a c c o r d i n g t o t h e s a m e e c o n o m i c 
c r i t e r i a R a n k i n g o f t h e a c c e p t a b i l i t y o f c o m p e t i n g o p t i o n s 
on t h e b a s i s o f p r o f i t a b i l i t y i n e c o n o m i c t e r m s , t h e m o s t 
p r o f i t a b l e b e i n g t h e m o s t a c c e p t a b l e . I t b e i n g a c c e p t e d 
243 
t h a t t h e r e may be a m i n i m u m l e v e l o f p r o f i t a b i l i t y b e l o w 
w h i c h i t i s c o n s i d e r e d t h a t t h e p r o f i t l e v e l i s n o t 
s u f f i c i e n t t o m a k e i t w o r t h w h i l e g o i n g a h e a d w i t h t h e 
p r o j e c t . 
A s i m i l a r a p p r o a c h h a s b e e n d e v e l o p e d f o r e v a l u a t i n g t h e 
m e r i t o f r o a d m a i n t e n a n c e o p e r a t i o n s a s c o m p a r e d w i t h 
r e b u i l d i n g t h e r o a d . T h e m a t h e m a t i c a l e x p r e s s i o n i s 
s l i g h t l y d i f f e r e n t t o t h e o n e j u s t m e n t i o n e d a n d i s a s 
f o l 1 o w s : -
^ C M ^ E l + i ] - ^ + t [ V O C ^ - V O C M ^ ] [ l + i ] - ^ 
w h e r e CM = c o s t s o f c u r r e n t a n d p e r i o d i c 
m a i n t e n a n c e o f p r o j e c t 
VOC = V e h i c l e o p e r a t i n g c o s t s on r o a d 
VOCM = V e h i c l e o p e r a t i n g c o s t s on m a i n t a i n e d 
r o a d s 
I = p r o p o s e d r o a d r e b u i l d i n g c o s t 
t = p e r i o d u n d e r c o n s i d e r a t i o n 
i = d i s c o u n t i n g r a t e 
W h i l e t h e m e t h o d s B r u s e r u s e d a r e s i m p l e and c o n s i s t e n t i t 
c a n b e a r g u e d t h a t t h e y do n o t g i v e a c o m p r e h e n s i v e 
e v a l u a t i o n o f b e n e f i t s . F o r e x a m p l e t h e e q u a t i o n s , a s 
w r i t t e n , do n o t m a k e a l l o w a n c e f o r : - i n c r e a s e d t r a f f i c , 
i m p r o v e m e n t s i n t r a d e , t i m e s a v e d by v e h i c l e s b e i n g a b l e to 
c o m p l e t e t h e i r j o u r n e y ' s f a s t e r a n d e x t r a p o l l u t i o n 
r e s u l t i n g f r o m i n c r e a s e d t r a f f i c . T h e s e c r i t i c i s m s , i n a 
r a t h e r i n d i r e c t w a y , i n d i c a t e t h e f a c t o r s t h a t g e n e r a t e t h e 
u n c e r t a i n t y t h a t h a s t o be a s s o c i a t e d w i t h t h e r e s u l t s o f 
s o m e c a l c u l a t i o n s o f c o s t b e n e f i t a n a l y s i s . T h e d e g r e e 
o f u n c e r t a i n t y may be v e r y l a r g e w h e n p o t e n t i a l i n d i r e c t 
l o s s e s a n d i n d i r e c t b e n e f i t s a r e l e f t o u t o f t h e 
c a l c u l a t i o n . 
T h e g e n e r a l c o n c l u s i o n s a b o u t c o s t - b e n e f i t m e t h o d s t h a t 
m u s t be a c c e p t e d a r e : t h e m e t h o d d o e s n o t g i v e a b s o l u t e 
r e s u l t s , t h e m e a s u r e o f u n c e r t a i n t y t h a t h a s to be a l l o w e d 
f o r i s t h e p r o d u c t o f b o t h t h e u n c e r t a i n t y i n t h e d a t a u s e d 
a n d t h e a c c u r a c y w i t h w h i c h t h e m e t h o d s o f c a l c u l a t i o n u s e d 
d e s c r i b e s t h e r e a l w o r l d v a r i a t i o n s t h e y p u r p o r t t o m o d e l . 
D e s p i t e t h e r e s e r v a t i o n s a b o u t t h e d e g r e e o f u n c e r t a i n t y 
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a s s o c i a t e d w i t h t h e v a r i o u s f o r m s o f c o s t b e n e f i t a n a l y s i s 
d i s c u s s e d i t i s a c c e p t e d t h e m e t h o d c a n s t i l l s e r v e a 
u s e f u l p u r p o s e i n g i v i n g an i n d i c a t i o n o f t h e r e l a t i v e 
f i n a n c i a l m e r i t s o f c o m p e t i n g o p t i o n s . 
R e f e r e n c e s 
Modern C o s t - B e n e f i t M e t h o d s I R V I N G. 
b y T h e M a c m i l l a n P r e s s 
r e p r i n t e d 1 9 8 4 , p p l 5 - 17 
L t d . , 
p u b l i s h e d 
L o n d o n . 1 9 7 8 . , 
I R V I N G. 
61 - 6 3 . 
Modern C o s t - B e n e f i t M e t h o d s , Op C i t pp 
B R U S E R A. E c o n o m i c A s p e c t s o f R o a d T r a n s p o r t 
P r o j e c t s , The C o u r i e r No. 1 2 5 , J a n u a r y - F e b r u a r y 
1 9 9 1 , p u b l i s h e d by t h e E E C B e l g i u m , pp64 - 6 6 . 
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APPENDIX 10 
MULTI -VARIATE TECHNIQUES 
I t h a s b e e n s u g g e s t e d by F r e n c h t h a t t h e t r e m e n d o u s l y 
i n c r e a s e d c o m p u t a t i o n a l c a p a b i l i t y r e s u l t i n g f r o m t h e 
a d v e n t o f t h e c o m p u t e r a g e i n t h e 1 9 6 0 ' s a l l o w e d m o r e 
c o m p l e x m o d e l s i n v o l v i n g m u l t i d i m e n s i o n a l , n o n - l i n e a r 
r e l a t i o n s h i p s to be e x p l o r e d . ( 1 ) T h i s w a s f o l l o w e d i n t h e 
1 9 8 0 ' s by t h e v i e w d e v e l o p i n g t h a t s i m p l e r m o d e l s c o u l d be 
m o r e i n f o r m a t i v e , p r o v i d e d t h e v a l i d i t y o f t h e m o d e l w a s 
c h e c k e d . T h e r o l e e n v i s a g e d f o r c o m p l e x m o d e l s b e i n g p a r t 
o f t h e p r o c e s s o f c h e c k i n g t h e a d e q u a c y o f s i m p l e m o d e l s . 
T h e c o m p l e x m o d e l s h o w i n g w h e t h e r o r n o t t h e r e w a s a n y 
b e n e f i t t o be g a i n e d f r o m m a k i n g t h e s i m p l e m o d e l m o r e 
c o m p l e x . T h e s e v i e w s r e c o g n i s e t h e f a c t t h a t u n l e s s m o d e l s 
a r e b a s e d on a c c u r a t e i n f o r m a t i o n a b o u t a p r o p o s a l and t h e 
i n t e r a c t i o n s b e t w e e n a l l t h e f a c t o r s i n v o l v e d m i s l e a d i n g 
c o n c l u s i o n s a r e l i k e l y t o be i n d i c a t e d . An e x a m p l e o f a 
g o o d m o d e l i s t h e r e p r e s e n t a t i o n o f t h e b e h a v i o u r o f an 
a e r o p l a n e f o r t h e c o n s t r u c t i o n o f a f l i g h t s i m u l a t o r f o r 
t r a i n i n g p i l o t s . A m o d e l o f d o u b t f u l v a l u e , b e c a u s e o f t h e 
i n f o r m a t i o n i t w o u l d h a v e t o be b a s e d o n , w o u l d be a mode l 
o f t h e e c o n o m y o f a t h i r d w o r l d c o u n t r y w i t h an u n s t a b l e 
g o v e r n m e n t . 
A s u r v e y by K a t h a w a l a o f q u a n t i t a t i v e t e c h n i q u e s u s e d by 
l a r g e and s m a l l o r g a n i s a t i o n s i n t h e U n i t e d S t a t e s s h o w e d 
o f t h e 226 o r g a n i s a t i o n s c o n t a c t e d 36% w e r e u n f a m i l i a r w i t h 
m u l t i - d i m e n s i o n a l s c a l i n g , 3 1 % m a d e no u s e o f t h e 
t e c h n i q u e , 19% made a l i t t l e u s e o f t h e t e c h n i q u e , 10% made 
m o d e r a t e u s e , 2% m a d e f r e q u e n t u s e a n d 2% m a d e e x t e n s i v e 
u s e . ( 2 ) T h e f i v e m o s t p o p u l a r t e c h n i q u e s u s e d by t h e 2 2 6 
o r g a n i s a t i o n s s u r v e y e d w e r e : f o r e c a s t i n g , b r e a k e v e n 
a n a l y s i s , s t a t i s t i c a l s a m p l i n g , c o m p u t e r s i m u l a t i o n a n d 
r e g r e s s i o n c o r r e l a t i o n . W i t h c o m p u t e r s i m u l a t i o n b e i n g i n 
t h e t o p f i v e p o p u l a r t e c h n i q u e s i t s e e m s t o i m p l y a f a i r l y 
h i g h i n t e r e s t i n m u l t i - v a r i a t e t e c h n i q u e s , h i g h e r t h a n 
s u g g e s t e d by j u s t 14% o f u s e r s m a k i n g m o d e r a t e o r g r e a t e r 
u s e o f m u l t i - d i m e n s i o n a l t e c h n i q u e s . 
T h e r e a r e s e v e r a l p o s s i b l e a p p r o a c h e s t o a s s e s s i n g t h e 
a c c e p t a b i l i t y o f p r o p o s a l s t h a t a r e m a d e up o f s e v e r a l 
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d i f f e r e n t i n d e p e n d e n t v a r i a b l e s . T h e b a s i c s t a g e s o f s u c h 
a s s e s s m e n t s a r e : - ( 3 ) 
1 . S t r u c t u r e t h e p r o b l e m . 
2 . D e t e r m i n e how t h e v a r i o u s v a r i a b l e s a r e t o be r a t e d . 
3 . D e t e r m i n e t h e s i g n i f i c a n c e o f t h e i n d i v i d u a l v a r i a b l e s 
f o r t h e c a s e b e i n g c o n s i d e r e d a n d t h e o v e r a l l 
s i g n i f i c a n c e o f t h e v a r i a b l e s c o n s i d e r e d . D e t e r m i n i n g 
t h e o v e r a l l s i g n i f i c a n c e r e q u i r e s t h a t t h e r a t i n g o f 
e a c h f a c t o r i s w e i g h t e d t o p u t i t s s i g n i f i c a n c e i n t h e 
c o r r e c t p r o p o r t i o n t o t h e o t h e r f a c t o r s . ( T h i s i s t h e 
p r o c e d u r e a d o p t e d i n t h e R i s k R a n k i n g T e c h n i q u e ) . 
4 . On t h e b a s i s o f r a t i n g o f s i g n i f i c a n c e , d e t e r m i n e t h e 
a c c e p t a b i l i t y o f t h e p r o p o s a l . 
S t r u c t u r i n g t h e p r o b l e m i s t h e f o u n d a t i o n on w h i c h a n y 
a n a l y s i s h a s t o b e b u i l t . I f t h e s t r u c t u r e i s n o t 
c o r r e c t l y s p e c i f i e d , s u c h a s by t h e o m i s s i o n o f a v a r i a b l e , 
t h e w h o l e v a l i d i t y o f t h e a n a l y s i s i s u n d e r m i n e d . I n t h e 
c a s e o f t h e R i s k R a n k i n g T e c h n i q u e t h e a n a l y s i s o f p r o p o s a l 
v a r i a b l e s i s b r o u g h t t o g e t h e r u n d e r t h e h e a d i n g s : 
t e c h n i c a l , e c o n o m i c a n d s o c i o - p o l i t i c a l . The o v e r a l l v i e w 
o f t h e a c c e p t a b i l i t y o f t h e s e t h r e e m a i n v a r i a b l e s hs t o be 
b u i l t up f r o m t h e a n a l y s i s o f t h e s u b - v a r i a b l e s f r o m w h i c h 
t h e y a r e c o m p o s e d . 
D e t e r m i n a t i o n o f how t h e v a r i o u s v a r i a b l e s a r e to be r a t e d , 
i s e s s e n t i a l l y s e t t i n g t h e c r i t e r i a f o r j u d g i n g 
a c c e p t a b i l i t y . Many o f t h e p o s s i b l e m e t h o d s o f r a t i n g 
v a r i a b l e s h v e b e e n r e v i e w e d by S l o v i c , L i c h t e n s t e i n a n d 
F i s c h h o f f . ( 4 ) S o m e m e t h o d s t h e y m e n t i o n s u c h a s E d w a r d s 
S i m p l e M u l t i a t t r i b u t e R a t i n g T e c h n i q u e ( S M A R T ) a n d t h e 
M u l t i a t t r i b u t e U t i l i t y M o d e l s a r e , b e c a u s e o f t h e 
c a l c u l a t i o n s t e p s t h e i n v o l v e , more c o m p l i c a t e d t o u s e t h a n 
t h e R i s k R a n k i n g T e c h n i q u e . An i m p o r t a n t p o i n t , t h a t 
S l o v i c e t a l m a k e i n t h e i r r e v i e w , t h a t m u s t be c o m m e n t e d 
on i s t h a t : r e f e r e n c e t o m o n e y a s p e c t s o f a p r o p o s a l w i l l 
f o c u s a t t e n t i o n on m o n e t a r y a s p e c t s o f a c c e p t a b i l i t y 
w h e r e a s a n o r d i n a l r a t i n g o f a c c e p t a b i l i t y w i l l f o c u s 
a t t e n t i o n on p r o b a b i l i t y . T h e s e r e a l l y r e p r e s e n t two q u i t e 
d i f f e r e n t s t a g e s i n an a s s e s s m e n t a n d t h i s p o i n t h a s b e e n 
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c a t e r e d f o r i n t h e R i s k R a n k i n g T e c h n i q u e . E v a l u a t i o n o f 
m o n e t a r y a s p e c t s s p e c i f i e d a s t a k i n g p l a c e a t t h e r a t i n g o f 
f a c t o r s s t a g e and r a n k i n g o f o v e r a l l a c c e p t a b i l i t y i s made 
i n a n o n - d i m e n s i o n a l o r d i n a l f o r m . T h i s o r d i n a l e x p r e s s i o n 
o f o v e r a l l a c c e p t a b i l i t y g i v e s a n u m e r i c a l i n d i c a t i o n o f 
l i k e l y a c c e p t a b i l i t y on a c o n s i s t e n t b a s i s . T h e q u e s t i o n 
o f w e i g h t i n g t h e s i g n i f i c a n c e o f f a c t o r s r e l a t i v e t o o n e 
a n o t h e r i s o f s p e c i a l i m p o r t a n c e . I n t h e d i s c u s s i o n o f t h e 
R i s k R a n k i n g T e c h n i q u e i n t h e m a i n t e x t i t p r o p o s e d t h e 
t h r e e f a c t o r s ; t e c h n i c a l , e c o n o m i c a n d s o c i o - p o l i t i c a l , 
s h o u l d b e g i v e n e q u a l w e i g h t . A s a g e n e r a l i s a t i o n , 
p a r t i c u l a r l y p r o j e c t a s s e s s m e n t , t h i s i s l i k e l y t o be t h e 
b e s t a s s u m p t i o n . H o w e v e r , i t h a s t o be r e c o g n i s e d t h a t 
t h e r e may be s p e c i a l d e c i s i o n m a k i n g e n v i r o n m e n t s i n w h i c h 
o n e f a c t o r h a s t o b e c o n s i d e r e d a s h a v i n g o v e r i d i n g 
i m p o r t a n c e a n d o t h e r f a c t o r s m a d e s u b s i d i a r y o r e v e n 
d i s r e g a r d e d . E x a m p l e s o f s u c h s p e c i a l e n v i r o n m e n t s a r e : -
w a r t i m e , a s t a t e o f n a t i o n a l e m e r g e n c y a n d a t i m e o f 
s p e c i a l f i n a n c i a l r e s t r i c t i o n . 
I n m u l t i - v a r i a t e a n a l y s i s l i k e any o t h e r f o r m o f a n a l y s i s 
a l l o w a n c e h a s t o b e m a d e f o r t h e s p r e a d o f u n c e r t a i n t y i n 
t h e d a t a u s e d . A l s o i n t h e c a s e o f m a j o r d e c i s i o n s , o f t h e 
t y p e c o n s i d e r e d i n t h i s s t u d y , d e c i s i o n s a b o u t 
a c c e p t a b i l i t y h a v e t o be k e p t u n d e r r e v i e w d u r i n g t h e l i f e 
o f t h e p r o j e c t . T h e d e c i s i o n m a k i n g e n v i r o n m e n t may c h a n g e 
d u r i n g t h e l i f e o f a p r o j e c t . T h e n e e d f o r a p r o j e c t may 
d i s a p p e a r , i t may be f o u n d t e c h n i c a l o b j e c t i v e s c a n n o t be 
s a t i s f i e d , s o u r c e s o f f u n d i n g may d i s a p p e a r and t h e p r o j e c t 
may b e c o m e u n a c c e p t a b l e t o t h e p u b l i c . 
I n h i s s u r v e y o f t h e s t a t u s m u l t i p l e c r i t e r i a d e c i s i o n 
m a k i n g S t e w a r t d r e w s e v e r a l c o n c l u s i o n s , t w o o f t h e 
c o n c l u s i o n s he m a d e a r e p a r t i c u l a r l y a p p o s i t e t o t h i s 
s t u d y , t h e y a r e : - 1 ) Any a i d s to d e c i s i o n m a k i n g b a s e d on 
m u l t i p l e c r i t e r i a d e c i s i o n m a k i n g s h o u l d be s i m p l e a n d 
e f f i c i e n t t o u s e . 2 ) T h e p r o b l e m o f how t o d e a l w i t h 
u n c e r t a i n t y w i t h m u l t i p l e c r i t e r i a d e c i s i o n m a k i n g m e t h o d s 
i s a p r o b l e m t h a t s t i l l h a s t o be s o l v e d . ( 5 ) T h e R i s k 
R a n k i n g T e c h n i q u e a p p e a r s t o s a t i s f y b o t h t h e s e 
r e q u i r e m e n t s . I t i s s i m p l e t o u s e and t h e p r e s e n t a t i o n o f 
R a n k i n g i n t h e t h r e e d i m e n s i o n a l f o r m a l l o w s i t to d i s p l a y 
t h e m a g n i t u d e o f u n c e r t a i n t i e s i n t h e r a n k i n g . 
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